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Hazelmere Dam situated on the Mdloti River in KwaZulu-Natal has, since its completion
in 1977, lost 25 % of its original design capacity through sedimentation. This storage loss
has brought about an environmental concern as well as a socio -economic threat to the
region. The aim of this research was to investigate the effect of land use change on the
sedimentation rate in the catchment. This was undertaken to obtain a better understanding
of the processes and leads towards an integrated catchment management strategy.
Geographical information systems afforded the opportunity to determine land use change
from a number of sequential land use maps and to run statistical analyses and overlays. It
was determined that a large change in land use had taken place between subsistence
cultivation/small-scale agriculture and subsistence grazing. The rainfall, soil and slope
conditions cause the catchment to have a naturally high erosion potential. As a result of the
interrelated nature of all these factors in the catchment the most effective manner in which
to deal with the sedimentation problem is through a multidisciplinary approach such as is
afforded by integrated catchment management strategies. In terms of controlling the
sedimentation problem in the Hazelmere Dam recommendations concerning conservation
practices necessary in minimising the impact of the land use practices and changes are
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CHAPTER 1
INTRODUCTION
1.1. INTRODUCTION TO ENVIRONMENTAL DEGRADATION &
MANAGEMENT
All species modify the natural environment to some extent. Humans, however, have had a
significant and inten se effect (Dollar & Goudie, 2000). Modifi cations to the natural
environment, by human activity, often results in a reduction in plant and animal diversity
as well as an increase in the rate of eros ion creating a new set of environmental impact s
(Mather, 1986). Consequently, human-induced environmental change and the ability to
manage the future are now at the centre of modem environmental research (Dollar &
Goudie, 2000). Human-induced change, howe ver, has not always been the focus of
environmental research despite the realisation of the consequences of degradation to the
environment as early as the ninth century BC (Homer, undated). ' Western intellectualism'
influenced research up to the 1960s. Society was viewed indepe ndent of the environment
and human activities were deem ed to be beneficial to the environment (Mannion, 1992).
Since the 1960s there has been a growi ng awareness that human activity does affect the
physical environment and this in turn impacts on society. This shift in approach was
branded a move from ' environmental determinism ' to ' human possibili sm' (Mannion ,
1992). The ' human possibili sm ' approach examined the manner in which social, polit ical,
economic and environmental interrelationships differ by locality. In geography, this
approach has had a noteworth y effect on the manner in which research is conducted, with
particul ar regard for the individuality of each location. It is, therefore, imperative that in
order to fully understand environmental degradation, one must first acknowledge the
relationship between the location properties (terrain, climate, soil properties) and the local
society (land use, economics, politics and other social behaviours).
To date , Integrated Catchment Management (rCM) has arguabl y been the most successful
management system, both locally and globa lly, in the protection of water and land
resources while sustaining the needs of the people at the catchment level (Department of
Water Affairs and Forestry (DWAF), 1996; Gorgens et al., 1998). ICM is the term given
to the systems approach to management of natural resources within the confin es of a
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catchment area of a single river system (DWAF, 1996). The advantage of such a
management approach is its ability to divide the river system into logical management
units at the catchment scale (i.e. the catchment of each tributary or a sub-catchment
separated by a dam) which , when sectioned together, create one comprehensive
management plan. In order for an rCM strategy to be successful, all aspect s of the
environment, including economic and social issues, need to be incorporated into the overall
management philo sophy, process and plan to ensure an optimum combination of
sustainable benefits for future generations and communities in the area. At the same time
the rCM strategy must protect the natural resources used by these communities and
minimi se adverse social, economic and environmental consequences (OWAF, 1996).
Management of water is a complex task due to the interactions between land and water, yet
it is critical for sustaining life and expanding development (Stoffberg et al., 1992). The
specifics of the catchment highlight how particular interac tions between the hydrological
processes shape the landscape and the way the geomo rphological and geological structure
of the catchment determines the streamflow response (Rowntree, 2000). For example, the
volume of water flowing into the river channel is depen dent on the rate and quantit y of
runoff as well as the water storage capabilities of the land as determined by the
climatological, topographical and geological nature of the area (Viessman et al. , 1989;
Rowntree, 2000). The velocity of runoff determines the size and amount of sediment
particles (and related pollutants adhering to these sediment particles) that can be
transported by overland flow as well as the suspended or bedload material of rivers, all
contributing to the water quality. The sediment trapped within an impoundment IS
determined by catchment factors that control rates of hillslope erosion and storage at
different points in the system, implying therefore, impacts by land management practices,
particul arly vegetation cover and soil structure (Rowntree, 2000). Thus, the most
detrim ental impacts on rivers are often a conseq uence of land management practices.
The water quality reaching the river is important when taking into account the treatment
cost necessary to provide a safe resource to the peop le. One of the key-controllin g
variables to water quality is sediment. Sediment in itself, although harml ess in terms of
water quality, creates a negative aesthetic appeal to the water user and therefore requires
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that it be removed in the treatment of the water for consumption. Sediment also provides a
transport medium for disease and these potentially harmful particles need to be removed in
the treatment process before safe water consumption can take place (Holmes, 1996).
Land use change exacerbates the detachment of soil particles from their aggregated state
making particles available for removal. This loss of these particles from the land not only
impacts on the water quality in the river but also on the land use productivity. Through the
correct holistic management of the catchment, future long-term water and land demands
can be controlled (Jordaan et aI., 1993).
A river ' s condition is a reflection of all activities, both past and present , within the river
and its catchment (Barmuta et aI., 1992). It is therefore increasingly necessary to study
physical processes in the light of human impact on the landscape. As it is often not
possible to separate human activity from geomorphological processes, geographers need to
transcend the barrier of physical studies of soil erosion phenomena to include ideological
examinations as to whether to determine if these issues are of concern if so, how and to
whom (Stocking, 1995). The development of hydrological and geomorphological research
must provide a trade-off betw een the conflicting priorities of long-term scientific enquiry
and that of the immediate application to social, economic and other nation al and local level
problems (Kund zewicz et aI. , 1987). This is an important consideration in land use
planning and soil conservation initiatives.
The nature of the effects of land use and management on surface water supplies has long
been acknowledged (Thom as, 1995). The magnitude of these effects on water resources
remains a somewhat unknown quantit y, hindered by a lack of input parameter data. Now,
with the increasing demand for land and water resources focusing the attention of all
stakeholders, it is becoming necessary to be able to predict the influence of changes in land
use and conservation practices. There is, therefore, a need for greater insight into the
mechanisms and consequences of land degradation within the catchment, in terms of the
inter-relationships between the socio-economic issues governing the use of the land and the
environment factors, in order to bring about better catchment management.
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The aim of this study is to investigate the extent to which sedimentation within an
impoundment can be attributed to land use change. This will be achieved by considering
the case study of the Hazelmere Dam within the Mdloti River Catchment. It is hoped that
the knowledge of sediment sources and their potential causes will assist in the integrated
management of the catchment in such a way as to reduce the costs incurred by water
treatment and to prolong the life expectancy of the dam. The consequential loss of such a
valuable water storage system, in the context of the substantial increase in the demand for
water in South Africa, equates to far more than economic losses and should be avoided. In
order to achieve the stated aim the following specific objectives have been considered:
1. to identify the processes involved in the removal, transport and deposition of
sediment by means of a literature review. As well as to review the capabilities of
geographical information systems (GIS) as a tool for modelling these processes and
integrated catchment management (ICM) for monitoring and maintaining process
threshold s,
2. to understand the catchment characteristics of the study catchment within its
environmental and social contexts in order to determine the physical factors and the
socio-economic influences important in providing a holistic view of the catchment,
3. to deriving a classification system for categorising land uses,
4. to identify land uses in the catchment and categorize them according to the
classification system derived in objective 3,
5. to develop a series of land use maps utilising a GlS and to undertaking time-series
analyses to determine changes in land use through time,
6. to identify the influences gove rning land use and the consequences of land use
change on the catchment characteri stics by employing overlays of interrelated
factors aiding visualisation of the landscape.
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7. to review existing studies on the Hazelmere Catchment that highlight other factors
contributing to the cause of sedimentatio n in the dam ,
8. to put forward management recommendations, based on the findings of this study,
to be used towards setting up the ICM strategy for the catchment aimed, in
particular, at sustaining water and land resources while meeting the demands of the
users. In so doing, to identi fy scope for further research.
Prior to investigating changes in land use in the Hazelmere Catchment it is necessary to
become familiar with the literature related to land use change and catchment processes,
which result in the delivery of sediment to an impoundment. This is undertaken in Chapter
two, the literature review chapter. Chapter two also provi des backgro und information on
ICM and the use of GIS in the ICM process. In Chapter three the environmental setting of
the study area is described and provides background info rmation on various aspects of the
environment. A descripti on of the method s empl oyed to gain the requisite data follows in
Chapter four. The results gained through these methods are presented in Chapter five.
Chapter six discusses the relevant findings within the context of the resea rch followed in
Chapter seve n by a discussion of other factor s influencing the sedimentation.
Recommendations are also included throughout , and are brought toget her in the conclusion
to address possible approaches to an ICM strategy for the catchment. The conclusion also
provides suggestions for futur e research with a view towards a better understanding of the
catchment and subsequent improvements to rCM strategies.
CHAPTER 2
LITERATURE REVIEW
2.1. LAND USE CHANGE & MANAGEMENT
Land use is the way in which, and the purpo se for which, human beings employ the land
and its resources, with emphasis on the functional role of land in economic activities
although physical , social , legal and political factors also play a role (Campbell, 1983;
Meyer, 1995). Land use is not to be confu sed with land cover, which is the physical cover
of the earth's surface. The vast array of physical characteristics - climate, physiography,
soil, biota and the varieties of past and present human utili sation, combine to make each
parcel of land on the surface of the earth unique in the cover it possesses and the
opportunities for use that it offers (Me yer, 1995).
In South Africa the competition for land between agriculture, housing , recreation and
conservation has resulted, for example, in parcels of land with a high agricultural potential
coming under threat from non-agricultural land uses, further restricting the area for
productive agriculture (Marcus et al., 1996). According to Laker (1993) , only 13.5% of
the country is suitable for agriculture, creating a concern for sustainability should this land
be used for any other purpose. The lack of suitable agricultural land forces agriculturalists
to seek land with lower potential to sustain the country's population, leading to the abuse
of soil resources and resulting in the acceleration of soil erosion (Marcus et a!., 1996).
Accelerated erosion occurs as a result of human modifications to the natural state of the
land through the removal of the natural vegetation and the employment of incorrect land
use practices (Zachar, 1982). Accelerated erosion is particul arly problematic in developing
countries where access to resources, finances, information and technology is insufficient to
implement correct land use practices. Such activitie s which bring about accelerated
erosion in developing countries are: overgrazing, cultivation on steep slopes, improper
conservation structures, stripping of trees and shrubs for fuel and the creation of footpaths
in order to access resources (Laker, 1993).
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Soci o-economic and political factors are often at the root of accelerated soil eros ion, a
cau se for concern in term s of agricultura l productivity (Dollar & Goudie, 2000). In South
Africa, apartheid policies (especially the ' betterment ' schemes and the creation of
'homeland s') aggravated environmental degradation by exerting pressure on the carrying
capacity of selected pieces of land . Thi s was achieved by means of forced removal s: the
crowding of peopl e onto sma ll isolated parcels of land unable to sus tain these populations
and away from employment opp ortunities. The socio-economic situation that develop ed
within these isolated ' home land' areas dictated the type of land use and practices utili sed,
nam ely, subsistence agriculture. The intensity and misuse of the land , brought about as a
result of both the political situation and the soc io-eco nomic position of the peopl e, has
resulted in irreversibl e environmental degradation (Dollar & Goudie, 2000). Dollar and
Goudie (2000) state that as long as there are vast inequaliti es in wealth , standards of living,
quality of life and access to resources in southern Africa, little can be done about
environmental degradation, since these issues are closely interlinked.
The close association between environmental degradation and the socio-eco nomic status of
the peopl e is due to the fact that peopl e ' s needs and their immediate interests govern the
way in which they assess deterioration of their environment. Despit e the recogniti on by
the scientific community of South Africa, that soi l erosion is a serious and rapidly
increasing threat to land productivity and environmental sustai nability, the community
regard soi l ero sion as a problem only when it creates a significa nt and noticeable practical
problem, which consequentl y affec ts their dail y routine (Brinkca te & Hanvey, 1996). With
South Africa in a transition phase of the country's politica l policies, careful planning can
ensure that further loss of good agricultural land to unregul ated urb an settlement is not
incurred and that the inequalities of the pas t are sett led. Furthermore, cos t effec tive use of
resources by the country ' s current rural popul ation, must be sustained through cons ervation
of resources to ensure food sec urity (Marcus et al., 1996). Such policies, set down by;
politicians, influence the lives of all the people of the country directly or indirectly and (
. • f
tran slating these policies into action requires the co-o peration of the publi c. Policies !( C''' ( ,,: I )
I
relatin g to soil conservation and the use of optimum farming practices, for example, \
\
req~ireS educa~ing the l~nd users of the importance of soil conservation and the ben efits of \
optnn um farmi ng practIces as well as providing incentives, such as discounts on produ cts,.--J
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tools and labour necessary to ensure soil conservation and change existing farming
practices to those recommended by the policies (Brinkcate & Hanvey, 1996).
The growing awareness of processes caused by human intervention and their resultant
influence on the environment, has created considerable interest in experimental studies that
attempt to evaluate the effects of land use change on the complex interrelationships
between fluvial geomorphology and the erosion- sedimentation regimes of a catchment.
.Although relatively complex deterministic models repre senting these interrelationships
exist , such models remain of limited practical value owing to the requirements of input
parameters, which are usually unobtainable due to a lack of accessibility, manpower,
finances and technology, particularly in developing countries (Lorentz & Schulze, 1995).
Simple empirical methods do, however, meet the requirements for initial planning and
design and, in the absence of gauged data, are the bases for most water resource decisions.
The Universal Soil Loss Equation (USLE) (Wischmeier et al., 1971) is an empirical
method developed from a large datab ase of the component factors of the equation in the
United States of America (USA) , and is the found ation for man y other empirical equations.
The USLE is valid for establishing long-term average annual soil loss in the USA.
Although cautioned against its use in calculating soil loss outside of the USA without suitable
validation (Bergsma & Valenzuela, 1981), it has received large recognition worldwide.
Notwithstanding that it has largel y been superseded by the Revised Soil Loss Equation
(RUSLE) (Renard et ai, 1991) in the developed world, its relative simplicity and ease of
use has resulted in its continued popularity in the developing countries.
There are many studies worldwide using the USLE or derivatives thereof to estimate
sediment yields for fields and catchments. Each one agrees that land use is an important
contributor to sediment yield (Troch et aI. , 1980; Krishna et aI., 1988). No agreement,
however, has been reached as to what the key concern with land use is that makes it such
an important contributor. Suggestion s, including the ability of vegetation cover to resist
erosive action, land use change, soil properties and socio-economic factors , have
periodically been identified as the appropriate key concerns in sediment yield (Daniel ,
1983; Schulze, 1987; Brinkcate & Hanvey, 1996).
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Schulze (1987) argues that the ability of the vegetation cover to intercept rainfall , reduc e
raindrop erosion and encourage infiltration and evaporation is the critical aspect of land
use in reducing sediment yield. This view ignores the control exerted by the soil mass and
the consequences of tillage in relation to the sediment-land use debate. Water flow is the
mean s by which sediment is transported over the surface of the land . Vegetation cover will
slow this flow allowing time for infiltration into the soil profile thus preventing the
sediment being transported over the surface.
Krishna et at. (1988) agree that vegetation cover is crucial in minimising erosion from the
surface . In studies undertaken by Krishna et at. (1988), precipitation events have been
identified as particul arly eros ive in row cropped areas where canopy cover and ground
cover are inadequate. The canopy interce pts raindrops, breaking the fall, and thereby
reducing raindrop erosion. Inadequate ground cover reduces the surface roughness and
infiltration, therefore increasing overland flow and erosion. The studies showed changes in
sediment yield as a result of differences in canopy density and ground cover from row crop
fields and grassland pastures in areas of high erosivity. Row crops yielded a monthl y mean
of 0.54 to 0.63 tons/hectare (t/ha) of sediment while mean monthl y sediment yield under
pasture was between 0.05 and 0.06 t/ha (Krishna et al.. 1988).
Crops vary significantly in their effect on water erosio n due to the variations in canopy
cover and land use practices. For example, fallow land has the highest erosion potential as
there is no vegetation to prevent rainsplash or overland flow, while rotation crops have a
considerably lower erosion potential (Troch et al.. 1980). A natural, fully stocked forest
and undisturbed area of natural vegetation have maximum protection due to a number of
different species ranging in canopy heights, creating a layered effect to intercept raindrops
and minimise rainsplash (Troch et al. , 1980). Adequate ground cover, such as leaf litter,
mulch , or grass increases surface roughness, allowing max imum time for infiltration and
evaporation. Thick grass covered pastures also provide good protection because of the
thick, low canopy cover exposing minimal soil, and therefore, if managed correctly,
grazing land should contribute little sediment (Highfi ll & Kimberlin, 1977).
Troch et at. ( 1980) agree that the amount and type of vegetation cover needed to protect
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the soil structure is dependent on the intensity of the erosive force as well as the nature of
the soil particl es. Loose soils on steep slopes, for example, should be kept under
permanent cover to limit rainsplash eros ion, as well as the amount and velocity of runoff
erosion. Vegetation cover also increases soil fertility and stability aiding in the prevention of
erosion and increasing the overall land productivity. Root support and organic matter content
provide a base to which soil particles bind, encouraging aggregation and soil structure
stability. A stable aggregate structure is important in supporting the plants and preventing soil
particles becoming detached, and thereby available for transport. Vegetation also increases
the porosity of the soil through root action, encouraging aggregat ion by increasing surface
roughness, slowing runoff and encouraging infiltration.
Troch et a!' (1980) have also identified that change in vege tation cover contributes
significantly to sediment yields, particularly the influence of past land cover on present
land cover and sediment yields . Forestry converted to row crop, for example, displays an
increase in sediment yield by 100 to 1000 times while pastoral land converted to row crops
shows an increase of between 10 and 90 times (Troch et a!', 1980). The type of crops and
the methods used in their cultivation are crucial in affecting the extent of erosion. Vegetation
cover can be altered dramatically within a short time period, but biophysical changes within
the soil, which also affect erosion rates, take longer to readjust (Tiffen et a!., 1994).
Wolman (1967) represented the sequential deve lopments in land use change and their
corresponding sediment yield contributions that have taken place in the developed world
over the last two centuries (Figure 2.1). Most notable from the figure is the distinctively
sharp peak in the sediment yield associated with construction, showi ng that the initi al
disturb ance is severe, yet short lived. Once the landscape has adjusted to the new set of
circumstances and the area re-vegetated, soil loss decreases sharply. Other changes in land
use showed a slow, continuous increase in sediment yield due to the continued disturbance
of convertin g more land and intensifying its use. This model is typical of the progressions
noticed in the developed countries , particularly evident by the construct ion peak.
Rehabili tation of the area after construction is often not carried out in the rural areas of
developing countries, as it is traditi onal to keep the immediate surroundings of dwellings
clear of vege tation. This transpires into an escalation in sediment yield at the on-set of
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construction and continuing to remam high after construction (Beckedahl, 2001).
Although Figure 2.1 is typical of land use change and sediment yield of develop ed
countries it has been included in this research to demonstrate possible sediment yields from




















Figure 2.1: The theoretical relationship between land use change and sediment yield
(Wolm an, 1967)
Parameters for determ inistic models, such as runoff and water quality, can be measured
while land use pattern s and change can be mapped, yet land management relies on human
beings and human decisions, which are not always objective or rational (Daniel, 1983).
Influence on land management decisions rests largely with politi cal, social and economic
factors as these govern the levels of technology and education avai lable to particular socio-
economic groups and the availability of capital to sustain their interests (Daniel, 1983).
Poverty and high population densities culminate in overstocking and misuse of the land . A
vast quantit y of literature exists attempting to pinpoint how socio -economic and politi cal
factors govern the type of land use and management thereof (eg : Hefts, 1977; Daniel,
1983; Stocking, 1988; Brinkcate & Hanvey, 1996). It is therefore felt, by Stocking (1988)
and Brink cate and Hanvey (1996), that the status of the land users and the policies of the
country are critical aspects governing erosion and sediment yields.
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It is clear from the literature above that, although vegetation and land use control sediment
yield , soil loss is also related to the amount and intensity of precipit ation, soil erodibility,
and slope length and steepness (Rooseboom et al., 1992). It is, therefore, appropriate to
discuss the role of these other factors in the erosion and sediment delivery processes as
identified by empirical models.
2.2. EROSIVITY OF PRECIPITATION
Erosivity is the term given to the potential ability of rain to cause erosion, measured by the
kinetic energy and the maximum 30-minute intensity of a rainfall event (Eho) (Hudson,
1981). Raindrops are a source of energy which, when released on impact with the surface,
detaches soil particl es from their aggregated structure and are, therefore , an important
contributor to eros ion (Hudson, 1981; Morgan, 1986). The amou nt of energy delivered by
raindrops is dependent on the height of the fall and the size of the raindrop (Epema &
Riezebos, 1983). A maximum energy level is reached at maximum velocity,
approx imately two metres above the ground (Epema & Riezebos, 1983). The height and
density of the vege tation's canopy cover can, thus , be important in reducing the amount of
energy and water delivered to the surface and consequently the amount of sediment
detached by raindrop impact.
By contras t, in some areas, soil particles dislodged through rains plash can initiate surface
sealing, whereby suspended soil particl es fill the pores in between soil aggrega tes. Sealing
reduces infiltration, encouraging runoff and, although fewer loose particl es are eroded,
runoff velocity and volume increases , accum ulating energy used to remove particles
downslope of these sealed sections (Russell , I998a) . Prolonged surface sealing in turn
leads to crusting which furth er reduces the amount of infiltration, impacting on the
vegetation cover (Russe ll, 1998a).
Rainwater not only acts as a source of energy in the detachment of soil particl es from
aggregates, but also provides the energy to transport these disaggregated particl es
downslope with the flow of water. Rainwater either infiltrates into the soil or begins
flowing downslope depending on the landscape characteristics at that point and the
intensity of the rainfall event. Landscape characteristics, such as a steep slope gradient,
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and an intense rainfall event decrease the time available for water to infiltrate causing
water to move over the surface more readily. Infiltration also depends on soil properties
including: porosity, texture and antecedent moisture conditions of the soil (Morg an, 1986).
Once the soil is saturated, the remaining water will stagnate in pools on the surface or flow
down slope over the surface. The ground cover and leaf litter content affects the time for
infiltration, as surface roughness is increased and runoff is slowed. As the velocity of
moving water increases so the potential for that water to gather loose particles and
transport them downslope increases. The velocity of the flowing water also determines the
size of the particles that can be transported. The stronger and faster the flow the more
energy it has to pick-up and carry sediment and the larger the particles that can be
transported (Hudson, 1981). Water infiltration can also cause erosion by removing
particles through the soil profile.
The mode of rainwater flow results in two forms of erosion: surface and subsurface erosion
(Cooke & Doornkamp, 1990). Surface erosion results in three erosional features namely,
rills, gullies and sheet wash. Rills form when runoff flow is concen trated into rivulets. As
rills become exaggerated to greater than one metre in depth they develop into gullies,
though there are other mechanisms for gully initiation. Sheet wash is the removal of soil
uniformly from the soil surface (Cooke & Doornkamp, 1990). Sub-surface erosion occurs
below the surface where sediment is removed physically in suspension by throughflow or
by chemical removal in solution and dispersion resulting in sub-surface piping (Beckedahl ,
1998). When the roof of a subsurface pipe becomes too thin it collapses exposing large
amounts of loose soil to erosion. This collapsed pipe is then referred to as a gully system.
Other resultant features of water infiltration and runoff are those of mass movement, for
example rockfall s and landslides. Although mass movement is only indirectly related to
water, the failure related to an unstable slope is often triggered by rainfall. Such features
include: terracettes and slip scars, which form as a result of soil creep, landslides and
rockfa lls (Cooke & Doornkamp, 1990). Instability can also be brought about by slope
steepening in construction of infrastructure and by land use changes (Cooke &
Doornkamp, 1990).
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Precipitation is. the provider of energy to remove particles from the surface, however, the
properties of the soil , its structure, texture and permeability contribute largely to the
number of particl es available for removal and this is described in the following section.
2.3. SOIL ERODIBILITY
Soil erodibility is the term given to the ability of soil to withstand detachment and transport
by rainsplash and surface flow whilst allowing water to infiltrate into the soil profile. Soil
erodibility may be determined according to the soil nomograph of the USLE, which uses
soil texture, structure, organic matt er and permeability (Wischm eier et al., 1971) or it can
be determined empirically in the field from standardised runoff plots.
Soil texture is dependent on the size of soil particles and is important in determining pore
space and consequently the aeration and drainage of the soil. Pore spacing is also
depend ent on the structure of the soil aggrega tes. Clay soils have small pores and good
cohesive properties meaning their water draining ability is poor. Clay soils are, therefore,
usually saturated which prevents further infiltration into the soil. Conversely, coarse sandy
soils have good drainage but tend not to hold water for long and therefore dry up quickl y.
The texture of the soil is, therefore, important in choos ing crops as those grown in sandy
soils would need additional water and nutrients, while crops on clay soils suffer a lack of
oxygen to the roots. As far as erodibility is concerned the more silt and fine sand
percent age texture content, the higher the erodibility (Wischmeier et al., 1971). Increases
in clay and organic matter content decreases the susceptibility of soil to erosion (Russell ,
1998a). Although clay particl es are smaller than silt and are easily moved in suspension,
they have a strong coherent nature and in order to remove them they need to be broken up
into single units. Some clay particl es are, howe ver, also hydrophili c and absorb water
causing the aggregates to swell impacting on aggregate stability (Schulze et al., 1995).
Associated with high sodium absorption, clay aggregates held together by hydrogen bond s
are broken down and are considered highly dispersive and easi ly removed (Schulze et al.,
1995 ; Beckedahl, 1998). Therefore, aggregate stability has a greater influence than
individual mineral particl es on the prevention of erosion.
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In addition to replacing minerals important to fertility, organic matter provides a
foundation on to which soil can bind (Russell , 1998a). The extent to which soil erodibility
decreases as organic matter increases, is dependent on the texture of the soil (Wischmeier
et al., 1971).
Structural type and size has an appreciable influence on the erodibility of the soil although
the strength does not significantly affect erodibility (Wischmeier et a!., 1971). Structural
classes range from very fine granular to blocky, or platy structures (Wischmeier et a!.,
1971). The structural type and size determines pores size and porosity (the space available
for water and gas in the soil. The particle size (soil texture) and structure also plays an
important role in permeability. Permeability is the ability of the soil to allow water to
infiltrate. Permeability changes with varying intensities of precipitation events: during an
intense storm the permeability of the soil will be less than during a light rainfall event.
Rainfall intensity is determined by the infiltration rate . Likewise, the degree of
permeability will be dependent on the existing antecedent moi sture conditions as this
restricts the amount of storage space available for water to infiltrate. The lack of
vegetation cover and the pounding of raindrops cause surface crusting and sealing,
contributing further to the reduction in permeabilit y (Schulze et a!. , 1995).
2.4. SLOPE LENGTH AND SLOPE ANGLE
Two factors concerning erosion with regard to relief are slope length and slope angle.
Both these factors influence the velocity of the water moving over the surface and the
accumulation of energy that will be exerted down slope on collecting and transporting of
materials (Thomes, 1980). Slope length determines the distance particles in suspension
can be carried before being depo sited as well as the amount of energy that can accumulate
with distance downslope. The angle of the slope influences the time water takes to
infiltrate, as the steeper the slope the stronger the gravitati onal pull to move water
downslope. The steepness of the slope plays a crucial role in slope stability in relation to
mass movement. Soils are usuall y shallow on steep slopes reaching saturation quicker,
becoming waterlogged and causing increased runoff, thereby restricting the vegetation on
these slopes to plants with shallow root systems (Russe ll, 1998b) . The increase in volume
of runoff gain s velocity with distance down slope resulting in large losses of soil. Ideally,
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steep slopes should remain under permanent grass (Russe ll, 1998b). Slope gradient also
impacts on rainsplash by increasing the number of soil particles displaced downslope,
having a similar effect to soil creep (Thomes, 1980).
Slope length and slope angle aid in the transportation of water and detached soil particles
to the river channel. Once in the river channel, however, different forces are involved in
transporting sediment along the channel to reservoirs or into the ocean. A detailed account
of these forces goes beyond the scope of the study however general mention is made in the
section on fluvial transport and deposition to illustrate the holistic nature of land and water
processes.
2.5. FLUVIAL TRANSPORT AND DEPOSITION
Once a soil particle has been eroded a number of possibilities exist as to where it may be
deposited. Deposition, for example, could occur at any distance downslope due to a
decrease in flow velocity or an increase in surface roughness. If the soil particles are
transported off the land and into the river, numerous processes take place depending on the
forces available. Sediment is either deposited immediately on entering the river where it
becomes a part of the channel bottom or it is kept in suspension depending on particle size
and flow velocity. Should the sediment be deposited on the riverbed it can be eroded again
and transported further with a change in velocity either as a result of added volume,
increased gradient or reduced friction. Such movement of larger bottom sediment is
generally by rolling or bouncing downslope. Particles that are kept in suspension are
transported in the flow of water. Decreases in channel gradient, channel roughness,
velocity and volume cause particles to be deposited. Studies of fluvial discharge show that
the grain size most easily eroded is the fine silt soils , while the grain size of clay soils is
smaller, it tends to adhere together making erosion more difficult (Morisawa, 1968). Once
eroded, however, clay particles remain in suspens ion despite reductions in flow velocity. It
is these suspended particl es that cause the discolouration of water that heightens the cost of
water treatment. Heavier particles are often deposited not far from where they are eroded
as a high flow velocity is needed to erode and transport them. It is these larger and heavier
particles that cause sedimentation of the river channel s and reservoirs, necessitating the
dam wall to be raised or the bottom dredged in order to maintain or prolong the designated
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life of the reservoir. Figure 2.2 displays the relationship between particle size and velocity
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Figure 2.2 : The relationship between particle size and velocity (Knighton, 1984)
Turbulence, volume of water and volume of sediment in the channel also influence the
suspended load. Turbulence is greatest at the sides and bottom of the channel due to the
friction from the rough channel profile, whil e volume changes with channel width,
tributary inlet s or blockages in the channel and discharge (Knighton, 1984). Increased
turbulence disturbs settling particles and scours the channel causing particles to become
suspended while an increase in volum e allows for more particles to be held in suspension
and transported down stream with the flow of water (Knighton, 1984).
Having described above the factors involved in eros ion and the processes used in the
delivery of the eroded material to the river and consequently the transport of the material in
the river channel , it is evident that it is a compl ex interrelated process concerning a number
of factors simultaneously . The management of such a system, therefore , needs a similarly
complex yet holistic approach, such as the Integrated Catchment Management (ICM)
strategy, detailed below.
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In conjunction with the current trend towards a holistic approach to management of the
environment, OWAF recognises that water can only be effectively and efficiently managed
within a river catchment area by enhancing the interdependent roles in resource protection
and utilisation (OWAF, 1996). Having recognised the relat ionship between land and water
resources and that its sustainability is dependent on the socio-economic, physical, chemical
and biotic attributes, it is not possible to successfull y manage these independently (DWAF,
1996 & Gorgens et al., 1998). Co-ordination, planning and action are required at all levels ,
from national government to the individual landowners (DWAF, 1996).
The relevant stages of the process for an lCM strategy are similar to those of an integrated
environmental management (IEM) procedure and include initiation, assessment, planning,
implementation, monitoring and audit stages (Department of Environmental Affairs and
Tourism (DEAT), 1997). The catchment management strategy has a specific role within
the lCM process. The strategy repre sents a single, though crucial , step of the wider
process and records a vision for the catchment, formali sing the understanding of the water,
land , social and aquatic ecology issues in terms of that vision. The concept of an interest-
focussed approach will ultimately define how issues are addres sed through agreed
management strategies. In addition, legislative, procedural and technical frameworks for
implementation are reflected and as such, legal status is required (DEAT, 1997).
The lCM approach was first adopted by DWAF in South Africa in the 1980s as a means of
managing catchments in the former Eastern and Northern Transvaal provinces. The lCM
approach was to assess the quantity and quality of availabl e water resources, to identify the
needs of different water use sectors, to predict likely future developments and to develop
holistic approaches to water resource management for the catchments, such as the Sabie
River Basin (Hollingworth & Mullin s, 1995). The appro aches had varying degrees of
success and each study revealed further issues of concern. Such issues included the need
to impro ve the process of public participation; to develop appropriate institutional
structures which could facilitate communication, promote information sharing at all levels,
assist in the decision making process and defin e the role and responsibility of participants;
to involve all water users in the planning and implementation phases of water resource
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management; and for DWAF to take responsibility for leadership and the provision of
technical guidance in a management framework for water resource management (DWAF,
1996). The improvement of collaboration and liaison between different government
departments at a local and national level, and the implementation of complementary
legislation pertaining to resource management by the various government departments
need to be addressed and included in the ICM process for South Africa (Gorgens et al .,
1998).
The management of water resources in South Africa, through the implementation of an
ICM strategy, is challenging as management needs to be manifested at, and integrated
across, many different scales ranging from local tributary sub-catchment through to
catchment, regional, provincial and national scales up to an international level. The new
National Water Act (36 of 1998) for South Africa arose as a result of the government' s
acceptance of these administrative and other complexities. Twenty-eight principles guide
the processes of integrated water resource management and the following principles are of
particular relevance (Gorgens et al ., 1998):
I. water quality and water quantity are inter-dependent and shall be managed in an
integrated manner consistent with broader environmental approaches (Principle
15),
2. water resource development and supply activities shall be managed in a manner
consistent with broader national approaches to environmental management
(Principle 17),
3. SInce many land uses have significant impacts on the hydrological cycle, the
regulation of land use shall, where appropriate be used as a tool to manage water
resources within the broader integrated framework of land use management
(Principle 18),
4. the institutional framework of water management shall, as far as possible, be
simple, practical and understandable. It shall be self-drive n and must minimise the
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5. responsibility of the development, distribution and the management of the available
water resources shall, where possible and appropriate, be delegated to the
catchment or regional level to enable interested parties to participate (Principle 23).
The practicality of these principles is limited as the ICM approach is currently confined to
water resource management whereas, in theory, ICM is founded on the notion that the
different components of the hydrological cycle are intrinsically linked together (DWAF,
1996). The fragmentation, feasibility and institutional uncertainty with the legislative state
in South Africa limits the integration of water with land and environmental management.
This is due, in part, to the fact that environmental, water and land use legislation has, in the
past, been severely disjointed (Rabie & Fuggle, 1992). Despite current reforms within
Government, fragmentation is likely to persist as the South African Constitution recognises
water management and certain land use related subjects, such as mining, energy and land
affairs, as central government competencies. Other land use related subjects such as
agriculture, conservation, roads, urban and rural development, tourism and soil
conservation, are rendered provincial competencies (Gorgens et al ., 1998).
All aspects of the environment, including econormc and social issues, need to be
incorporated into the overall management philosophy, process and plan of an ICM
(DWAF, 1996). These should ensure the optimum combination of sustainable benefits, for
future generations and affected communities, whilst protecting the natural resources used
by these communities minimising possible adverse social , economic and environmental
consequences (Gorgens et al ., 1998). If the notion of a catchment as an integrated system
is to be successfully adopted and implemented, then management of the catchment requires
careful planning and enforcement of actions designed to maintain the system at a status
agreed upon by stakeholders. Management actions need to focus on the land and the
activities that impact on water resources ensuring adequate storage, distribution and
rehabilitation is implemented. The selected series of management actions, debated by the
stakeholders and communities, to determine a preferred sequence of action and associated
consequences, would be chartered as a catchment management plan, which requires the
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ICM, therefore, provides a philosophy which underlies ngorous natural resource
management, on which a consideration for the whole natural system is based, as well as a
recognition that systems respond to disturb ance or utilisation as systems, not as individual
components in isolation from each other (DWAF, 1996). The ICM provides a process in
which both the community and government are involved in a partnership, designed to
achieve better natural resource management at the local catchment level, taking into
account the needs and ideas of the whole community (DWAF, 1996). The product the
ICM provides incorporates environmental, social and economic considerations based on a
set of development objectives that are identified jointly by the community and government
(DWAF, 1996).
To ensure effective ICM, five principles have been outlined by DWAF (1996):
1. a systems approach which identifi es individual components and the linkages
between them , as well as address ing the needs of both the human and natural
systems,
2. an integrated approach in which attenti on is directed towards principal issues of
concern identified by all stakeholders in the process,
3. a stakeholders approach which recognises the importance of public participation, as
well as that of governm ent agencies, in an attempt to define all decisions around the
conservation and use of natural resources which affect their lives,
4. a partnership approach which promotes the search for common objectives, and
defines the roles, responsibilities and accountabilities of each agency and
individualls who participates in the process of decision making,
5. a balanced approach where decisions are designed to achieve a sustainable blend of
economic development, protection of resource integrit y, whilst meeting social
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The limitation of arable land and water resources, the inequitable access to potable water
supplies, and the state of environmental degradation and pollution in South Africa has
brought about awareness for ICM strategies to be implemented on a catchment scale,
nationwide. This overdue initiation of ICM in South Africa has benefited from
international experiences; the knowledge gained preventing shortfalls and failures. It is
important to note , however, that ICM procedures in South Africa need to be tailor-made
for what is best for the country.
The implementation of ICM in South Africa, although a relatively new concept, is
conceivable as it takes into consideration and meets the demands of people empowerment,
cooperation, participation, partnership, accountability, responsibility and transparency
being initiated at present (DWAF, 1996; G6rgens et aI., 1998). ICM is an on-going
management plan that needs continuous monitoring and updating, thus it should become a
way oflife. Public participation and involvement through public workshops and, improved
education of the population are important considerations for the effective management of
natural resources (DWAF, 1996).
2.7. GEOGRAPHICAL INFORMATION SYSTEMS IN LAND
USE MANAGEMENT & ICM
Geography and many other disciplines (hydrology and geology) are concerned with spatial
patterns and processes on the surface of the earth and areas immediately adjacent
(atmosphere, oceans and subsurface) The data required, therefore, are of a
multidimensional nature tied to a specific set of locations (Longley et al. , 1999). Data
from several sources need to be integrated into a consistent form in order to simulate the
relationships, connectivity and accessibility with nearby features of interest.
A Geographical Information System (GIS) is the use of computer software to create and
digitally depict space and time . A typical GIS consists of: a data input system which
collects and processes spatial data , a data storage and retrieval system, a data manipulation
and analysis system which transforms the data into a common form allowing for spatial
analysis, and a data reporting system which displays the data as graphs or maps
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(En vironmental System s Research Institute (ESRI), 200 1). Applying the principles ofGIS
pro vides a spatially referenced medium for examining one or more fundamental issue/s
pertaining to the surface of the earth (Longley et al. , 1999).
The use of a GIS application could facili tate the monitoring of the spatial and temporal
relationship among geographi cal entities (mo untains, rivers) and phenomena (weather,
eros ion) through which entities evo lve (Longley et al., 1999). GIS in South Africa
currently plays a very imp ort ant role in determining and facilitati ng decisions on planning
(Hill & McConnachi e, 200 1). Issues of development can have adverse effects on the
natural environment as we ll as on human activities and it is the obligation of plann ers to
ensure sustainability . Planners have a number of objectives, most prominent of whi ch are
transparency, acco untability, flexibility and participation to best serve the needs of the
people, in particular, previously disadvantages rural communities (Hill & McConnachie,
200 1). Th e ability to und erstand and predict the effect changes will have to the stabi lity of
an environment leads to an improvement of development tec hniques and the prediction of
future effects. It is imp ortant , particularly with frequently occ urring plann ing functions,
such as land use, site selec tion and zoning that suitabi lity of the land is understood. Misuse
of land is cos tly to productivit y levels as well as to the environment in term s of losses of
habitat and diversity. GIS in land use planning is seen as a tool to bring together disparate
data and information about characteristics and activities by identifyi ng areas of
compatibility and conflict (Longley et al., 1999). GIS has the potential to ass ist
managerial tasks, policy design, decision-making and communicatio n (Hill &
Mc Conn achie, 2001) . Th e high qualit y gra phical capability of G IS enables one, in this
mann er, to displ ay changes occurring in the landscape over a period of time. By
identifying the limitations of the land , managem ent and development planning are made
eas ier. The graphical capabi lity enhances the ability to communicate complex spatia l
problems and conc epts to less knowledgeable stakeholders, critical in the success of
management strategies. This ensures that the public are able to voice appropriate concerns,
expec tations and make more knowledgeabl e dec isions on managing resources. GIS also
facilitates trans-d isciplinary co-ordination, see n to be lacking in the South African
governme nt structure menti oned in Section 2.6 on ICM.
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Environmental decisions are complex and require analysis VIa a number of options
involving risk and uncertainty. GIS has predictive capabilities to avoid irreparable damage
to the environment. Models are used to simulate possible implications of changes in one or
more variables to the rest of the equation and therefore measure the extent of destruction or
conservation that can be achieved by that part icular change.
As a large quantity of data are required for spatial analysis, initial studies are time
consuming and costly. The storage facility of GIS, however, reduces the time factor in
further studies, which in turn is cost effecti ve (Hill & McConnachie, 200 I). The analytical
capabilities of GIS allow one to identify patterns between sets of data thereby aiding
management decisions and saving time. ICM, for example, requires on-going studies of
changes and developments, effects and consequences of action. GIS saves time by storing
previous data , hence further developments simply need to be added. Patterns between
catchments can be easily identified and successful management quickl y implemented.
Despite the vision of the GIS having shifted significantly over the years it has always
included the notion of proces sing geographical information within an integrated
environment (Longley et al., 1999). One of the most important aspect s of GIS is in its use
in spatial decision support systems however, its full capabilities are yet to be fully
understood, which can lead to misu se and misinterpretation.
2.8. SUMMARY
A number of model s, using the capabilities of GIS, have attempted to assimilate the
interdependent relationship between land characteristics and water quality, such as USLE
and derivatives thereof. However, the complexity of the environment is such that the
relationship is difficult to comprehensively replicate in a model. Thus the factors and
processes, established by these various models, have been discussed in sections 2.1 to 2.5
in relation to their ability to bring about change in the relationship. This background
literature provides the foundation for a more specific investigation of the relationships
between land use change and the other forces acting on sedimentation rates in the study
catchment. Such information can then be included as part of an ICM strategy for
management of this catchment. In order to undertake such research , a description of the
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The Md loti River Catchment is situated on South Africa's eastern seaboard, wi thi n the
province of KwaZulu-Nata l (Figure 3.1) . The Noodsberg area, in the midlands of the
province (New Hanover District), is the source of the Mdloti River, which flows in a
southeasterly direction to drain into the Indian Ocean some 30 km north of Durban
(ex tending from 29°15'02"S, 30047'29''E to 29°45'53"S, 3 1°07' 1O"E). The river is dammed
five kilometres north of the town of Veru lam , approximately 12 km short of the mouth.
This dam, known as the Hazelmere Dam, divides the Mdloti River Catch me nt into two
sub-catchme nts . The main sub-catchme nt, ups tream of the dam, is referred to as the
Hazelmere Sub-ca tchme nt [1-3 (U3 ROO I)] I and drains an area of approximate ly 376 km',
represe nting 80 % of the Mdloti River Catchment (W almsley & Butty, 1980). The
Hazelm ere Sub -ca tchment drains into the Hazelmere Dam . As the aim of this research is
to investigate the extent to which sedimentation within an impoundment can be attributed
to land use change, the Hazelm ere Sub-catchment has been selected as the appropriate area
of study .
I 1-3 (U3ROOI) is the reference number give n by the Department of Water Affairs and Forestry (DWAF ) for the sub-
catchment upstream of the Hazelm cre Dam .





















Figure3 .1:The locale of the Hazel mere Catchment, KwaZulu-Natal North Coast
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The drainage pattern of the Hazelmere Catchment is dendritic with a drainage density of
0.343 m/krrr' (Currie, 1997). The Mdloti River Catchment is bordered by the Tongati
River Catchment to the north and by the Mgeni River Catchment to the south. Major
tributaries of the upper Mdloti River include: Mdlot shana , Mapofu, Gudwini , KwaMwema,
Mwangala, KwaZini, Msumduzi and KwaMfazozopayo rivers (Figure 3.1).
The Hazelmere Dam covers an area of 2.18 km2 (Walmsley & Butty , 1980) and has been
regarded as one of the most turbid systems in KwaZulu-Natal since its establishment in
1977. The dam was constructed to cater for the anticipated development of the Verulam
area as a result of the proposed La Mercy airport development nearby. The airport was to
service the North Coast of KwaZulu-Natal as well as to eventually supersede the original
Durban Airport, to the South of Durban. Adverse economic factors have stopped the
progress of the airport and thereby slowed the development of the Verulam area
(Walmsley & Butty, 1980). At present, however, the North Coast is experiencing an
economic expansion as businesses are moving out of the Durban city centre to the
Umhlanga Ridge area, and as a result water suppl y demands are increasing. The dam has
lost more than 25% of its original design capacity since its completion (DWAF, 1993).
This loss equates to a reduction from the original design capacity of 6 million m3 at an
average sediment accumulation rate of 0.3358 million m3/annum (DWAF, 1993). The
largest loss in design capacity occurred during the 1980s when two large flood events
affected KwaZulu-Natal : the flood of 1987 and the Demoina flood of 1984 (DWAF, 1993).
Following these two flood events a comparison of siltation levels was made by DWAF
(1993) . The comparison showed that Hazelmere Dam had a 25 times greater level of
siltation than those of the Ntshongweni Dam on the Mlazi River and the Henley Dam on
the Msunduze River. As both these dams are in close proximit y to the Hazelmere Dam this
comparison would indicate that influences other than flood events are impacting on the
Hazelmere Dam 's siltation rate.
Rooseboom et al. (1992) study on the sediment yield from river networks throughout
South Africa estimated the Hazelmere Dam 's annual sediment yield to be approximately
723 metric tonnes per square kilometre, with only 33% of the mean annual runoff reaching
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the dam. Previous reports have also voiced concerns for the extensive erosion features
visible throughout the area (Currie, 1997; Russow & Garland, 2000). The sheer aesthetic
effect of the turbid water is sufficient evidence of the extent to which sediment is washing
off the land and affect ing the water quality.
3.3. GEOLOGY
KwaZulu-Natal (Figure 3.2) consists of lithologies belonging predominately to the Karoo
Sequence, with exposure of Natal Group sandstones and basement granite and gneiss of the
Namaqua Natal Mobile Belt (Table 3.1). Subsequent eros ion and incision by rivers of
these lithologies resulted in the rugged terrain of KwaZulu-Natal (King 1982).
Tabl e 3.1: Generalised stratigra phy of the Hazelmere Catchment (modi fied after South
African Committee of Stratigraphy (SACS), 1980; Tan kard et al., 1982)
Classification Lithology
Karoo Ecca Dwyka Diamictite, subordinate varved shale and boulder shale
Sequence Group Formation
Cape lNatal Inanda Red-brown coarse-grained arkosic to subarkosic
Supergro up Group Formation sandstone, quartz areni te, micaceo us sandstone, small
!pebble conglomerate, subordinate siltstone and
mudstone
~amaqua Biotite gneiss, biotit e-hornb elde subordinate gneiss,
Natal Mobile pelitic schist and gneiss, micaceous gneiss and schist,
Belt biotite-feldspar gneiss
The Karoo Sequence covers a large portion of southern Africa and is characterised by a
changing tectonic framework, recording the crusta1 brea k-up and migration of
Gond wanaland from polar to tropical latitudes (Tankard et al. , 1982). In KwaZulu-Natal,
the Ecca Group of the Karoo Sequence is divided into various formations. The Dwyka
Formation is found in the Hazelmere Catchment lying unconform ably above rocks of the
Natal Group . Thi s form ation is characterised by the presence of clast ic rock containing
rudaceous material of diamictite, varved shale and mudstone with dispersed stones and
conglomerates, which weather to fine clays and sand (SACS, 1980). In the Hazelmere
Catchment area, outcrops of the Dwyka Formation are restricted to a narrow band that
extends from the north east to the southwest in the vicinity of the dam (Fig ure 3.2). These
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Natal Group - Basal conglomerate, subordinate
micaceous siltstone , shale & grit
Namaqua Natal Mobile Belt - Biotite gneiss ,
biotite-hombelde gneiss, subordinate pelitic
schist & gneiss
DNamaqua Natal Mobile Belt - micaceousgneiss & schist, biotite-feldspar gneiss








Figure 3.2: Geology of the Hazelmere Catchment (modified after the KwaZulu-Natal
Hydrogeological Map, 1999)
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The Natal Group sandstones cover the granite-gneiss basement rocks of the Namaqua
Natal Mobile Belt. The sandstones of the Durban-Verulam area correlate with the Table
Mountain Series of the Cape Supergroup (SACS , 1980). Composed almost entirely of
feldspathic sandstone with quartzite, shale and mudstone distributed irregularly within the
sequence, these weather to highly erodible sandy clays (King & Maud 1964). Natal Group
Sandstones constitute a large portion of the geology in the Hazelmere Catchment. This
Natal Group sandstone outcrop was split by the extensive northeast-southwest faults and
can found at the headwaters of the Mdloti River and in the lower central region of the
catchment (Figure 3.2).
The basement rocks of the Mdloti River Catchment, belonging to the Namaqua Natal
Mobile Belt, are characterised by crystalline granite, gneiss and schists exposed by crustal
uplift and erosion of the overlying rock series (King , 1982). At the surface, component
minerals are unstable and inclined to weather rapidl y. The feldspar crystals weather to clay
and the quartz crystal s to sand (King , 1982). Outcrop s extend westward from the town of
Ndwedwe (Figure 3.2).
3.4. SOILS
The soils of the Hazelmere Catchment, like most in South Africa , conform closely to the
underlying geology. According to de Villiers (1962) , the Hazelmere Catchment is
comprised of soils of the Cartref Series (from the Natal Group Sandstones), Glenrosa
Series (from the Basement Complex), and leached soils of the Inhoek Series derived from
the basement complex (Figure 3.3).
Soils, derived from the Natal Group sandstones, are typically those of the Cartref Series
and are characterised by an orthic A-hori zon overlying an E-horizon that in turn overlies a
lithocutanic B-horizon (Soil Classification Working Group (SCWG) , 1991). They are
generally shallow and characteristically young (newly generated soils weathered from the
parent rock) due to the highly undulating nature of the topography in the catchment. They
also tend towards silty sands due to the textural composition of the parent material and as a
result are susceptible to erosion. The Cartref Series is found closest to the Hazelmere Dam
and extends the width of the catchment to the settlement of Ndwedwe.





D Soils derived from Natal Groupsandstones (Cartref)
D Soils derived from basement complex(Glen Rosa)







Figure 3.3: Soils of the Hazelmere Catchment (de Villiers , 1962)
CHA PTER 3: E V IRONMENTAL SETTI G 33
The Glenrosa Seri es is derived from the granite gneiss basement complex of the Namaqua
Natal Mobile Belt (basement complex) in the Mdloti River Catchment. The Glenrosa
Series constitutes an orthic A-horizo n overlying a lith ocutanic B-hori zon. In humid
regions granite decomposes into residual soils of great depth. Mica particles (particularly
mu scovite) remain unaltered except in the upp er zones of the soil profile where the y
decompose, while quartz grains remain unch anged . Feldspars are, however, kaolinised by
a chemical reaction with water charged with carbon dioxide. Particles of colloidal
kaolinite are fine-grained and conducive to leaching. These particles are , therefore,
removed in suspension leaving behind a residuum of micaceous silty sand that collapses
easily (Brink, 1979). Such mass wasting features are common on the steep slopes in the
central area of the Hazelm ere Catchme nt (Figure 3.3). The sand fraction is also easily
mobilised by surface runoff.
The Inhoek Series is derived from the rocks of the Namaqua Natal Mobile Belt (basement
complex) and is characteri sed as a melanic A-horizon overlying an unspecified hori zon .
Th e unspecified hori zon material either depicts alluvial stratificat ion or unconsolidated
sediments in which soil formation has not yet progressed suffic iently to produce a G-
hori zon, pedocutanic B-hori zon or a soft or hardpan carbonate hori zon. Th e melanic A-
hori zon exhibits a wide range of dark, usuall y well-structured topsoil s, developed under
sub-humid and humid climates such as that in the Hazelmere Catchme nt during summer
months (SCWG, 1991). These sandy clay soils of the Inhoek Series are found in the south
west of the catchment.
3.5. RELIEF
The Mdloti River Catchme nt is character ised by gently undulatin g hill s in the lower
reaches (0 - 450 ill above mean sea level (amsl)), becoming steeper and more rugged
(450 - I068 m amsl) with distanc e inland (Figure 3.4). The gradient of the river responds
to the changes bet ween lithologies by decreasin g significantly downstream and inci sing
through the Natal Group sandstones to form gorges. A percentage slope map (Figure 3.5)
displays that one fifth of the catchment has slo pes grea ter than 20 %. This is particularly
problematic for cultivation and housing development (Russow & Garland, 2000).
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An aspect map of the catchment (Figure 3.6) shows predominately north west and southeast slopes.
Northwest slopes receive sun most of the day, particularly in the mornings, due to the catchment's







Figure 3.4 : The relief in the Hazelmere Catchment
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Figure 3.5 : Percentage slope within the Hazelmere Catchment
























Figure 3.6 : The aspect of slopes in the Hazelmere Catchment
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The Hazelmere Catchment is situated within the Subtropical Climatic Zone of southern
Africa (Schulze, 1965). Characteristics of this zone include: warm to hot temperatures
with high humidity levels. Mean daily maximum temperatures range from 11.0°C in
winter to 27.2°C in summer (Table 3.2). Daily temperatures fluctuate depending on
proximity to the coast. In general, coastal temperatures are wanner than those inland
because of the warm maritime air. Although the mean daily temperature is 20.3°C, the
highest and lowest recorded temperatures are 40.2 °C and O.O°C respectively (Table 3.2).
Annual precipitation ranges from 760 mm in the interior to 1250 mm along the coast and
against the interior mountain ranges (Beater, 1970). Most of the precipitation occurs
during the summer months (September to March) and is experienced for 120 to 140 days
per year in the form of thunderstorms that periodi cally cause flash flooding. The short
duration, high intensity nature of such rainfall events favours surface runoff (Beater, 1970).
The nature of precipitation events in the catchment brings about high erosivity (EI30)
values for the area . Rooseboom et al. (1992) reported erosivity for the catchment to range
between 300 and 500 Ml .mm.hal .hl.annum" . According to Smithen and Schulze (1982),
erosion values for South Africa range between 50 and 500 Ml.mm.hal.hl.annum" ,
generally increasing from west to east.
The actual evaporation values from the land are relatively low , approximately equivalent to
one winter month's precipitation. Low evaporati on from the catchment is caused by the
consistently high humidity levels as a result of evaporation off the Indian Ocean and
advection into the interior. Mean annual runoff has been estimated at 70.54 million rrr'
(Mare & Mallory, 1994). In comparison to annual inflows into the Hazelmere Dam,
however, only 17-35 % of the precipitation over the Hazelmere Catchment reaches the dam
(Umgeni Water, 1993).
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Table 3.2: Climatic statistics from the Tongaat weather station (South African Sugar
Association, 2001)
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Rainfall (mm) Temperature (oC) Evaporation (mm)




Total 24 hr Max Min Highest Lowest
January 127.0 98.0 27.2 20.1 38.3 0.0 6.0
February 127.9 97.5 27.2 20.2 40.0 0.0 6.0
March 112.0 93.0 26.9 19.3 34.4 12.8 5.2
April 60.7 72.0 25.3 16.7 35.8 0.0 4.2
May 41.3 216.0 23.9 13.8 38.6 0.0 3.2
June 22.6 95.5 22.4 11.3 35.0 5.0 2.6
July 40.7 60.0 22.2 11.0 3.2 4.4 2.7
August 44.3 96.0 22.5 12.3 36.4 4.9 3.4
September 85.3 72.0 23.0 14.6 38.1 5.4 4.0
October 125.1 71.5 23.7 16.0 40.2 8.1 4.6
November 120.7 80.2 24.8 17.6 37.6 10.1 5.3
December 104.0 99.9 26.4 19.2 37.5 10.8 6.1
At present there are no weather stations in operation within the Mdloti River Catchment.
The five stations previously in operation have, since 1992, been systematically closed due
to reasons of economic feasibility and the theft of equipment. The nearest weather station
for current daily climatic statistics is located at Tongaat (Figure 3.1 p. 27), approximately 6
kilometres south east of Hazelmere Dam. This is problematic in that the real time
relationship between precipitation and discharge can only be inferred. Actual rainfall
distribution, therefore, cannot be mapped for the catchment. Recurrence intervals of
extreme events and actual rainfall erosivity can only be obtained through inference from
past events or by mathematical modelling. However, mean annual precipitation (MAP)
values from the weather stations in the Mdloti Catchment (prior to their closure in 1992)
showed a comparison with corresponding valu es from the Tongaat Weather Station. Due
to the comparability of the MAP values, up-to-date climatic statistics from the Tongaat
Weather Station were used in this research (Appendix 2).
3.7. NATURAL VEGETATION
Natural vegetation suggests the condition and vegetation characteristics best suited to the
catchment. The Mdloti Catchment has a high biodiversity with respect to the natural
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vegetation (Low & Rebelo, 1996). Such areas remain isolated and the conservation status
of the catchment is low as a consequence of modifications in land use and presence of
invasive alien species. Low and Rebelo's (1996) classification, based on agricultural
potential with the focus for planning, development and conservation, classifies the
Hazelmere Catchment into Afromontane Forest, Valley Thicket, Coastal Bushveld-
Grassland, Coast-Hinterland Bushveld and Short Mistbelt Grassland (Figure 3.7). These
divisions equate to Acocks' (1988) Moist Coast-Hinterland Ngongoni Veld and the Thorn
and Palm Veld vegetation types, which are based exclusively on grazing potential.
Afromontane Forest vegetation is found In patches along south facing ridges in the
catchment (Lubke & McKenzie, 1996). As water is the key limiting factor for this
vegetation group the south facing slopes in the catchment are preferred. These slopes
maximise the southwesterly and southeasterly driven rainfall. They also experience less
sunlight exposure than north-facing slopes thereby retaining a high moisture content in the
soil. Encroaching alien vegetation reduces the availability of water and sunlight restricting
the areas suitable for habitation of Afromontane Forest vegetation in the catchment. Soils
are shallow on these steep slopes and are often leached due to the high rainfall.
Exploitation of the forests for firewood by the local inhabitants of the catchment impacts
on the preservation of this natural vegetation type.
Valley Thicket vegetation is comprised of very dense thicket of woody shrubs and trees
occurring in the river valleys (Figure 3.7) (Lubke, 1996). Such riparian vegetation
facilitates bank and channel stability, but with increasing demands on food productivity
and human population pressures, farmers are removing this natural riparian vegetation to
use the land for crop cultivation in the Hazelmere Catchment.
Coastal Bushveld-Grassland occurs on flat to gently undulating slopes (up to 300 m amsl)
(Figure 3.7). The vegetation is restricted to sandy soils and influenced by fire and grazing
of cattle (Granger et al., 1996). As the slopes are gentle in this part of the catchment it is
also cleared for cultivation and little of the natural vegetation remains.
















Figure 3.7 : Natural Vegetation of the Hazelmere Catchment (Low & Rebelo, 1996)
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Coast-Hinterland Bushveld occupies exposed upland hilltops and ridges of the lower
escarpment slopes from 450-900 m amsl (Figure 3.7). Poor conservation of the natural
vegetation in this area of the catchment has been attributed to grazing by cattle due to the
socio-economic and socio-political pressures outlined in section 2.1 (Granger, 1996).
Short Mistbelt Grassland vegetation is found at the headwaters of the catchment (Granger
& Bredenkamp, 1996). Large areas have been afforested or poorly conserved by invading
vegetation, in particular Wattle species.
3.8. ECOTOPES AND LAND UNIT CLASSIFICATION
Ecotopes are the smallest divisible unit within the Bioresource Group (BRG) classification
system developed by the KwaZulu-Natal Department of Agriculture (Camp, 1999a). This
land unit classification system was established based on the geomorphological-land-
systems-type-mapping concepts described in Cooke and Doomkamp (1990). The ecotope
system classifies land according to the types of plant species present and their preferences
in terms of relief, water and nutrient needs in order to determine the narrow range of
farming activities each land unit can support, potential yield, as well as production
techniques necessary for each activity (Camp, 1999b). This system is, therefore, used to
define land use capabilities for particular sites, according to the nature of its attributes,
when farm planning (Camp, I999b). The Hazelmere Catchment has been divided into
seven ecotope groupings (Figure 3.8), described in Tabl e 3.3 below (Liam , 200 I).
From Table 3.3 and the other information provided in the above chapter it is evident that
the high precipitation, moderately steep rolling hills and the former grasslandlbushveld or
forest vegetation areas provide the optimum conditions for perennial crops such as
sugarcane and timber plantations. The steeper reaches of the catchment are ideal as
pastoral or grazing land, while the gentler slopes are more suited to the cultivation of
seasonal crops.
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Table 3.3: A Summary of ecotope groupings found in the Hazelmere Catchment
(Liam , 2001)
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Figure 3.8: The ecotope areas for the Hazelmere Catchment (modified after Camp, 1999b)
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3.9. LAND COVER
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According to the National Land Cover Database for South Africa (Thompson , 1999), the
Hazelmere Catchment consists of ten land cover classes (Figure 3.9). The most dominant
classes are those of the thicket and bushveld or degraded thicket and bushveld extending
acro ss the northwest, west and central region s of the catchment used by grazing animals.
The north eastern region of the catchment is dominated by cultiva ted, temp orary, semi-
commercial/sub sistence dryland while the extreme north of the catchment is classified as
culti vated, permanent , commercial sugarcane or forest plantations. Little natural forest and
grassland areas remain and are found scattere d across the catchme nt. Two small areas of
urban/built-up land , used as residential areas, are found in the vicinity of the Ndwedwe
settlement (marked on the figur e).
Thi s database is useful for consideration in conj unction with the natural vegetation of the
catchment and ecotope areas describ ed above. The natural vegetation and the ecotopes
describ e the vegetation naturally occurri ng in the catchment or the types of vegetation that
are likely to establi sh given the soils, climate and topograph y of the area . Land cover
describes the actual vegetation types and, to some extent, the land uses existing in the
catchment. The natural vegetation suggests the possible composi tion of the catchment prior
to human occupation aiding in understanding the natural erodibility of the catchment.
Conversely, land cover describes the vegetation at present identifying the changes that
have been brought about with the occ upatio n of hum ankind and therefore their contribution
to the erod ibility of the catchm ent.
3.10. ANTHROPOGENIC FACTORS
The Hazelmere Catchment, as of the 1996 census, lay within four magisterial districts
(Figure 3. 1 p. 27). The Ndwedwe district comprises 90 % of the catchment area , while the
Mapumulo district 2 %, the New Hanover district 5 %, and the lnanda district 3 %. The
total popul ation of the catchment is difficult to measure, to any degree of confidence, as
these magisterial districts do not coincide with the bou ndary of the catchment (Currie,
1997 ; Russow & Garland, 2000).
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Figure 3.9: Land cover of the Hazelmere Catchment (modified after Thompson, 1999)
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The population for the Ndwedwe distri ct was approximately 3 18 093 people in 1991 which
was an increase from the 1985 cen sus where it estimated 138 588 people inhabited the
same district (Currie, 1997 ; Russow & Garland, 2000). The 1996 census showed that the
population then declined to 144 172 peo ple which equates to 163 people per square
kilometre (Mommen, 200 I).
Th e people inhabiting the catchment are primarily from the Zulu trib al group, as the
majority of thi s area was part of the former KwaZul u 'homeland' area. The land owned by
the trib al council has been divid ed into small parcels and distributed to the tribal
community. It was observed, by the author, that the homes have been built using
traditional methods of mud walls supported by branches of wattle trees with thatched roofs,
although the 'western' ga lvanised iron roofing is being increasingly ado pted by the
inhabitants. These dwellings are found in clusters, generally surrounded by cultivated
field s from which extends a communal grazing area .
Infrastru cture decreases with distance from the road networks and urb an centres, yet
schoo ls, religious centres, police stations, shops and clinics are numerous throughout the
catchment, although poorly equipped. A large hospital servicing the area is situated near
Verulam. Although basic services are increasing steadily, electric ity, water and teleph one s
have not yet reached all dwellings. Publi c telephones, water pumps and postal access are
sca ttered through the catchment and streetlights line the main access routes to the towns of
Verulam and Ndwedwe, only. The peopl e live off the land by cultivating staple foods,
such as meali es, potatoes, cabbages, and beans. Cattle are kept as a symbol of wealth and
also as a livelihood strategy, often causing serious overgrazing probl ems in these areas.
The population statistics on education from the 1996 cen sus shows that 24 % of the peopl e
inhabiting the catchment area have no educa tion while only 15 % have grade 12 or high er
(Statistics South Africa (StatsSA), 200 I). Virtually half of the population is unemployed
and of those that do have employment 56 % earn less than R 1000 per mo nth (StatsSA,
200 I). The majority of the men have becom e migrant wo rkers since the lifting of infl ux
contro l laws, leaving women, children and the elderly to tend the households and farms,
This acco unts for the slightly larger female to ma le ratio (1.2 : I) in the cat chment area
(StatsSA, 200 I).
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The small section in the north of the catchment that falls within part of the New Hanover
magi sterial district (approximately 5%), and outside the former 'homeland ', has well-
establi shed commercial sugarcane and timber farms.
3.11. SUMMARY
The Hazelmere Dam drain s an area that has high rainfall, a rugged terrain, steep slopes,
erosive sandy clay soils as well as poorly conserved natural vegetation that for a significant
period of time, has been under rural and tribal land use, but has also included some
commercial land use areas . The increasing demands being placed on the land to sustain the
growing populations and the diverse socio-economic status of the people affords the
opportunity to investigate the extent to which sedimentation in the Hazelmere Dam can be
attributed to land use change in the light of the natural enviro nment.
CHAPTER 4
METHODS OF DATA ACQUISTION
Various methods have been employed to derive data pertinent to determining the extent to
which the sedimentation in the Hazelmere Dam can be attributed to land use chan ge and to
impro ving understanding of the catchment's composition. The methods, which include
appropriate mapping procedures, popul ation counts, field surveys and slope and aspect
consideration of the terrain, were carried out by the author. Soil surveys and sediment
sampling methods used by other researchers were included to confirm and/or substantiate
data analysis.
4.1. SEDIMENT SAM PLING
In order to identify the extent to which sedimentation within an impoundment can be
attributed to land use change, as is the aim stated in Chapter one, it is imperative that an
analysis of sediment data be compl eted to identify spatial and temporal changes in
sediment supply. Sediment traps, used for the purpose of recording sediment yields from
plots of land, disturb the vegetation and soil on application and need to remain undisturbed for
a period of time to re-establish conditions before accurate measurements can be taken
(Auerbach, 1992). Direct measurement and analysis of sediment produced from each land
use, using sediment traps, was not possible in this research due to the restricted time-scale
over which the research was conducted, quite apart from the difficulties of scaling from runoff
plots to the landscape (Auerbach , 1992). Although it is not possible to estimate sediment
yield directly, change in the quantit y of sediment in the river through the use of existing
suspended solids, turbidity and inflow volume data, can assist in a time-series comparison
with land use change (Hadly & Mizuyama, 1993).
No standard method for sampling sediment in rivers exists due to the widely variable
composition of water bodies. The sampling method adopted must, however, ensure true
representation of the water. Umge ni Water used the 'grab' sampling technique in
collecting weekly samples from the Mdloti River at the inlet of the dam (Karar, 200 1).
Sediment values vary with depth, velocity of flow and distance from the riverbank. The
samples should, therefore , be taken mid-depth and midstream, without disturbing the
CHAPTER 4: M ETHODS OF DATA AQ UISITION 49
settled particles. The sample bottle was suspended from an overhead bridge and
submerged, into the Mdloti River below, approximately midstream and mid-depth. Five
samples were taken from the river at each sampling site to ensure that the present
conditions were well represented (Karar, 200 I). Care was taken to ensure that no
contamination of the samples occurred after collection. This was achieved by sterilizing
the containers before testing, to extract any contaminants from a previous use. The
containers were also rinsed twice through the river water at the sampling site before the
samples were taken. Glass containers were used to prevent any sediment from sticking to
the sides and to resist corrosion from cleansing products, which could contaminate the
sample (Karar, 200 I) . Handling the sample prior to it reaching the laboratory should be
minimal and the sample should be stored at a low temperature to avoid the growth of
bacteria before analysis can be undertaken. Temperature control is difficult when the
sample sites and the laboratory are of significant distance from each other, such as in the
case of the Mdloti River and the Umgeni Water laboratory in Pietermaritzburg (Karar,
200 I). Clear labelling of each sample must be carried out at the time of sampling to
prevent confusing samples with others taken from other sites and catchments. Once the
samples reach the laboratory, analysis of the samples can begin. In analysing the samples
for suspended solids , the sample is centrifuged to separate the sediment from the water.
The sediment is dried to ensure all the water is removed and then weighed to calculate
sediment per volume of water (Karar, 200 1). Particles contributing to the suspended solids
measurement include: clay and silt , fine organic and inorganic matter, plankton and micro-
organisms, which are kept in suspension by turbulence (World Health Organisation
(WHO), 1984).
The turbidity and inflow volume measures are taken on-site and do not require lengthy
laboratory analysis. A nephelometric turbidity recorder was used to measure turbidity at
the inlet to the dam (Karar, 2001) . The recorder was placed in the water column at the
same point as that for sediment sampling and for the same reasons given above. A value in
nephelometric turbidity units (NTU s) was then recorded. Turbidity is an expression of the
light scattering ability of water indicati ve of the concentration of suspended and colloidal
matter (10 )lm- 0.1mm) in water (Holmes, 1996). Contributing particles include clays ,
organic particles from decomposing plant tissue and fibrous particles (WHO, 1984).
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Turbidity directly affects the amount of chlorine that is needed to disinfect the water. The
inflow volume for the Hazelmere Dam was measured by placing a gauge plate in the water
at the inlet to the dam (Karar, 200 1). Inflow volume is an indication of the amount of
water that flows into the Hazelmere Dam daily and is important in determining the
maximum potential sediment load at that point.
Inconsistencie s exist In the sampling data made available by Umgeni Water.
Inconsi stencies vary both within a set and between sets of data , making scientific
interpretation of the data difficult (Appendix 1). Turbidity readings, for example, started in
1989 with samples being taken irregularly either once or twice a month yet by 1991
readings had increased to four or five samples per month . Due to this incon sistency in the
sampling, monthl y averages had to be calculated for analysis of the entire time period.
Thi s monthly average was then seen to represent the conditions of the river for the entire
month rather than for that of a single event making identifying and analysing factors that
act on turbidity difficult and, thus, the management of turbidity. The same inconsistenci es
exist in the suspended solids data. No indicatio n of the wea ther conditions prior to or at
the time of sampling accompanied the data. Weather conditions significantly alter the
streamflow rate and volume affecting the turbulence and therefore the suspended solids
and turbidity values . Information on the weather conditions in the catchment would
provide a clearer understanding of cond itions in the river and provide possible reasoning
for changes in turbidity and suspended solids values. Another problem with the sampling
is the incompl ete data sets. Values of inflow volume started in 1980 but stopped
temporarily for 1986 and during 1994, the latter of which was due to political unrest.
These inconsistencies impl y that concl usive studies of inflow volume cannot be
determined until after this period. Only an eight-year period of overlapping data for
turbidity, suspended solids and inflow volumes was available for analysing the sediment-
flow relationship. Although this data provides no indication of the sediment source or its
time of removal, anal ysis of chan ge over time is poss ible and necessary in term s of
objective five.
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4.2. THE MAPPING PROCEDURE
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Docum enting spatial and temporal variations In land use components aids the
understandin g of the processes that have shaped the landscape, essential when formul ating
land management strateg ies for the area in question (objective 8, p. 5) (Mat her, 1986). The
thematic ability of GIS, reviewed in Chapter two as per objective one p. 4, faci litates both
land use mapping and the analysis of change through time . This abili ty is important in
enabling many different role-players to visualise the problem of changes in land use and,
therefore, to model management options to determine the consequential effects before
implementation. This ability is significant in allowing more informed decision-making on
the utilisation and sustainability of natural resources (Tomlin & Johnston, 1990). The
mapping process, summarised in Figure 4.1 , is dictated by the aims and objectives of the
study (Chapter one p. 4), which requires the mapping ofland use in the catchment through
the use of a classification system to analyse changes in land use through time .
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Figure 4.1: Flowchart of procedures used in mapping land use in the Hazelmere
Catchment
4.2.1. The Classification System
A classification system is required for the purposes of land use mapping in order to ensure
consistency in the degree of generalisation used across the catchment (objective 5, p. 4).
Classification is the process of arranging objects into groups, based on their relationship
with each other (Sokal , 1974). The purpose of classifying is to group objects of a similar
nature together, in order to simplify all environments (social, political, ecological) into
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sections that require almost identical management efforts. Class ifiers, the criteria used to
group objects in terms of land use, are based on the functi on of the land to produce good s
or services (Campbell, 1983; Di Gregorio, 1996). The classifiers will change as land uses
change, and in so doing modify the classification system (Moore et a!., 1994). It is for this
reason that no uniform land use classification system exists, only criteria to aid the
structuring of a classification system (Di Gregorio, 1996). The criteria were established to
provide comparable land cover or land use data globally without limiting research by
stipulating the degree of detail that could be classified (Di Gregorio, 1996). The criteri a
arose from a joint effort between the AFRICOVE R working group , the Food and
Agriculture Organi sation (FAO) and the United Nations Environmental Programme
(UNEP) in 1996 to standardise land class ification. The struc tural criteria for an acceptable
classification system include:
1. a hierarchical classification structure whereby classes originate broadly to allow for
the flexibility of subdivision into more detailed sub-classes, if so required, so as to
meet the needs of a variety of study objec tives. This allows for use of the system at
different scales and for cross-referencing between continental or global maps with
local or regional ones (Di Gregorio, 1996),
2. a priori system requires that the classes be defined prior to data collection. Thi s
method standardises classes independent of the area under consideration and
creates a comprehensive system (Di Gregorio, 1996),
3. classes must be mutually exclusive and unambi guous; be defined by specific
diagnostic criteria which are eas ily measured and which do not vary with seaso n
(Di Gregorio, 1996).
These aids were also used in the developm ent of the National Land Cover Database for
South Africa (Thompson, 1999). Figure 3.9 p. 45) shows the land cover of the Hazelmere
Catchment from the National Land Cover Database of South Africa to illustrate the general
land cover classes that can currentl y be found in the catchment. The scale (1:250 000) at
which land cover was mapped for the databa se restricted its use in this research in
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developing land use maps for comparison through time. The general structure of this land
cover classification system was, however, adapted to classify land use in the catchment in
keeping with national and global standards. All the possible land use classes were
narrowed down to the specific scale of interest required by this research. Once the system
had been implemented, in the manner discussed below, and the catchment classified, those
classes not found in the catchment were eliminated from Figure 4.2 . Figure 4.2, therefore,
illustrates the classification system for the Hazelmere Catchment only.
As the catchment is situated in a rural area of South Africa the first step in classifying the
catchment was to distinguish between settlement areas and agricultural areas. There were
no formal settlement areas within the catchment that could be distinguished from the
dense, communal farming populations. The next division within agricultural areas was the
clear distinction between cultivated land and non-cultivated land. In the cultivated division
commercial cultivation could also be adequately differentiated from small -scale agriculture
and subsistence cultivation. The two commercially culti vated crop s in the catchment are
timber and sugarcane, each clearly distinguishabl e from each other, and therefore classed
in separate units . The subsi stence agriculture was, however, more difficult to classify as
cultivated patches included a mosaic of various fruit s (bananas) and vegetables (mealies,
potatoes, legumes, pumpkin). A disadvantage of the classification system in this class is that
it includes many crop types, ranging in canopy height, ground cover and root depth , as well as
nutrient and water needs. Changes in any of these factors can significantly alter erosion
potential , as was highlighted in Chapter two. Furthermore, the classification system does not
take cognisance of any conservation practices as these practices change from field to field
depending on the farmer 's preference and many could not be identified from aerial
photography. The mapping of crop type and conservation practices for the entire catchment
at the farm scale, had it been possible, would have contributed considerably to estimates of
erosion (i.e. sediment source areas). Non-cultivated land could be divided into two sub-
divisions: subsistence grazing land and woodlots. As described in the environmental
settings, little natural vegetation remains in the catchment and was indistinguishable on
aerial photographs from the woodlot vegetation or subsistence grazing land. The woodlot
areas in the catchment are, therefore , areas that have been left to grow uncontrolled,
consisting of a mixture of indigenous and alien vegetation , harvested for use as building
materials, fuel and firewood . To overcome the difficulty of differentiating between the land
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uses in the non-cultivated areas land cover was used to identify the land use practiced.
Grassland vegetation was used to identify subsistence grazing land while bushveld vegetation
or wooded areas were classified as woodlots. The inclusion of primary (district) roads and
secondary (oth er road s and tracks) roads, as well as the river system (main stream,
tributaries and the dam), was determined in order to explain the mode of land use
according to proximity to water supply and accessibility to transport.
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Figure 4.2: The classification system ofland use util ized in the present research
4.2.2. Data Types and Sources
Remote sensing provides the opportunity to develop inventories of surface resources in a
systematic way (Stabins, 1978). Aerial photograph y is the orig inal form of remote sensing
and is still widely used in topo graphic mapping and enviro nmental studies . The format of
aerial photographs lends itself to the compilation of maps since they are concise
representations of the patterns on the ground. Vertica l photographs are easier to use when
locating objects and measuring the distance between them, than oblique photographs and
can also be compared to older photographs, to depict changes through time (Eastman,
1995) . Since changes in time-series analysis are required and the relati ve aerial
photograph series covering the catchm ent are avai lable it is more accurate, cost- effective
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and quicker to use aerial photographs than field surveys . Although ground truthing of
maps created from aerial photographs is essential, aerial photographs allow access to
otherwise inaccessible areas (Stabin s, 1978; Campbell, 1983). A bird ' s eye view of an
area, as opposed to a surface view, is also more useful in terms of identifying patterns of
land use.
In this research the advantage of aerial photography over other remote sensing images, for
exampl e: radar and satellite images, is the cost-effectiveness. Remotely sensed images are
more expensive than a series of aerial photographs. The software and experience required
to process the remotely sensed images into meaningful information adds to the expense.
Despite the speed and accuracy of remote sensing processes, the scale of aerial
photographs is greater thereb y showing more detail. Conversely, the quality of the image
plays a major limiting role in the amount of information that can be acquired. Resolution,
the accuracy at which a given map scale can depict the location and shape of geographic
features, is impacted on by contrast, colour and tone of the photographs (Arnold, 1996).
This can lead to changes in interpretation of the land use patterns. The photograph s are
subject to distortion from the variations in ground relief, curvature of the camera lens and
the tilt of the aircraft (Barnes, 1982), leading to inaccurate representations of the earth's
surface. This is most evident by the stretching of objec ts at the edges of the photographs
where the greatest curvature of the camera lens is experienced. In hilly terrain, where the
higher ground is closer to the camera lens than the valley areas, the objects on the hill will
appear to have a greater area than those in the valley, creating a distorted image . Although
aerial photographs make the task of land use surveys quicker and easier than the labour
intensive, costly field surveys , the distortions can make the image somewhat inaccurate.
Two methods exist to reduce the degree of distortion on aeria l photographs. The first
method is known as the warpin g process. This process records reference points of
dominant stationary landmarks on the photographs and the corresponding points on the
ground. The process then fits the points on the photograph to align with the reference
points from the ground , stretching and pulling the photogra phs to the new co-ordinates.
This process has been shown, by past research, to be a labour-intensive and extremel y
inaccurate technique in remote areas as, approximately, 16 reference points per aerial
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photograph are needed (Rivers-Moore, 1997). The area of the Hazelmere Catchment (the
study area) is a very remote area with undulating topography, which meant that the aerial
photographs were especiall y distorted. Using a Global Positioning System (GPS) , to
determine the reference points on the ground proved equally problematical due to the
limited accessibilit y of the areas as well as an inadequate number of stationary landmarks.
Due to the limitations with the warping process and the high possibility of error (noted in
past research) it was befitting to employ the second method known as the tracing process.
This process is a simpler method for reducing distortion of photographs and is less user-
subjective (Hill, 2000). Areas of interes t derived by the classification process are
identified on the aerial photograph and transcribed to the same location on the orthophoto
by association with dominant features. Orthophotos are aerial photographs that have been
geo-corrected to eliminate the complications of distortion. Unfortunately their availabilit y
is insufficient for time-series analysis due to the high costs of productivity. User-
subjectivity in the tracing process is kept to a minimum as only one person worked on the
mapping process. The reference points were taken to be the tic points I on the orthophotos
and therefore the map did not need geo-correcting, thus reducing the processing time
considerably.
In order to carry out the mapping process the following source data was purchased. Aerial
photograph s covering the Hazelmere Catchment for three epochs were purchased for the
use of mapping land use over time. The 1978 aeria l photograph series was chosen to
depict land use at the time of the dam 's construction while the 1996 aerial photograph
series was the latest available series. The 1989 series was selected at a roughl y equal time
interval between the 1978 and 1996 photograph series based on the availability of the
aerial photographs. Table 4.1 summarises the metadata of the source data used in this
research. In order to have a reasonably consistent scale for classifying land, photographs
were bought at contact scale ( I :30 000) except the 1989 series, which was bought at double
contact scale ( I :25 000). The orthophotos covering the catchment could not be purchased
for one year or from one centre due to the former division of the catchment into the
'Tic point - geogra phic cont rol points used in order to register a digitised image to a known locat ion on the earth surface
(ESRl, 200I )
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KwaZulu 'homeland' area and into the Natal area and no complete series for the entire
catchment was available for the same year. These discrepancies between datasets were,
however, resolved in the tracing process. The discrepancy in scale of the aerial
photographs was resolved by tracing onto the orthophotos that have fixed scale (1: 10 000)
while the inconsistency in years between orthophotos is eliminated by identifying and
classifying areas on the aerial photographs. Once the tracing of the land use patterns onto
the orthophotos was complete, the traced sheets could then be digitised (see Section 4.2 .3).
4.2.3. Digitising
Digitising is the process of converting the features traced on the orthophotos into digital
format through the use of a digitising tablet (ESRI, 1996a) . The digitising tablet is an
electromagnetic device that is able to detect and transmit the position of the puck (mouse)
with a very high degree of precision (Martin, 1991). Once the document is positioned on
the surface of the tablet, a number of tic points (a minimum of four points per map sheet is
required to register the map sheet with ArcVi ew 3.2) are recorded, to which known real
world co-ordinates are given (Martin , 1991). A Root Mean Square Error (RMSE) is
calculated indicating the difference between each measurement and its true value. The
RMSE remained at less than 0.0 I inches, which at the orthophoto scale of 1:10 000
converts to an error of no more than 2.5 m on the ground. These tic points are then used to
geographically position the features digiti sed according to the distance from these known
positions. The digitiser works by tracin g the boundaries of features by drawing a series of
straight lines to represent the true curved line.
Digitising is one of the major restrictions in the creation of digital map databases due to the
many errors created whilst capturing data, often as a direct result of its tedious nature . The
quality of the source document is another major constraint. Improper handling of paper
maps , such as the orthophotos used in this study, causes folds and creases to distort the
map . Inadequate storage conditions cause the maps to stretch and shrink as a result of
exposure to humidity and changes in temperature. These errors become most evident when
a number of neighbouring map sheet s are matched together, as was required to cover the
catchment in the study area (Martin, 1991; Mackenzie et al., 1999).
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Table 4.1: Metadata of the data sources used in the study
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Series
Data 1978 1989 1996
Source
Black & white Black & white Black & white
Job = 807 Job = 933 Job = 985
Contact scale = Contact scale = Contact scale =
1:30000 1:50000 1:30000
Aerial Photos
Month = unknown Month = July Month = February
Obtained from = Obtained from = Obtained from =
Surveys & Surveys & Surveyor General,
Mapping, Mobray, Mapping, Mobray, Pietermaritzburg
Cape Town Cape Town
2830BD 12, 16, 17,21 ; 2830DB 6, 9,14,15; 2831CA 1,6,11.
Obtained from Surveyor General, Pietermaritzburg.
Orthophotos 2830BD 18,22,23; 2830DB 1,2,3,4,5,7,8,10, 12, 13 Obtained
from Survey & Mapping, Mayville Durban.
Years varied from 1981 to 1994.
Digital Maps
Shapefiles* of contours, rivers, roads, district boundaries, land type
Received from Umgeni Water
*A Shapefile is a specific name for a vector file type In ESRI's Arc'View GIS software (ESRI, 2001)
Digitising is essentially scale-dependent, meaning the digital representation can never
contain greater detail or achieve higher locational accuracy than the original document.
The degree of line generalisation that takes place during input is under the subjective
control of the operator. In this study generalisation was also dependent on the degree of
detail set by the classification system. Poor linework and labelling leads to increased
operational error in, what is already, a time consuming, tedious and error prone process
(Martin, 1991; Mackenzie et al. , 1999). Considerable care is required to avoid errors such
as mislabelling, digitising features twice and missing features altogether (Martin, 1991).
Editing out errors occurring during digiti sing , including overshoots and undershoots IS
necessary to close the arcs ' to create polygons:' of related land use. This process introduces
positional error as the exact position of where a line should have ended is difficult to
determine. The digitised shapefiles are converted on PC ARCInfo 3.5.1 to a coverage file4.
Each orthophoto sheet is appended to the adjacent sheets to make one complete coverage of
: Arcs - an ordered string of vertices that begin at one location and end at another (ES RI, 200 I)
, Polygons - a feature class used to repre sent area of a geographic feature (an arc that starts and ends at the same point )
(ES RI, 200 1)
4 Cov erage file - is a specifi c name for a ti le type in ESRl's PC ARClnfo 3.5. 1 GlS software (ES RI, 200 I)
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the entire catchment (ESRI, 1996b) . Each arc's start and end points, as well as the
intersections between polygons, is identified and manually joined. A snap tolerances was
not used to automatically snap arcs together as some of these arcs were closely set and
would have been joined incorrectl y to arcs representing different features (ESRI, 1996b).
The clean operation in PC ARCInfo 3.5.1 was used to build topology (ESRI, 1996b). At
this point the polygons are meaningl ess until a relevant database is created to assign a land
use type to each polygon. The coverage is then converted back to a shapefile, where
editing of the corresponding table to include the land use type for each polygon, in each
image, is undertaken and further analysis on the datasets can begin. Further discussion of
errors in mapping is provided in 4.2.5 titled Error Management. The next step in the
mapping process is to project the digitised image to match the source data projection.
4.2.4. Map Projection
Map projections refer to the representation of a spherica l earth onto a flat medium (paper
or computer screen) (Dana, 1997). Since it is physically impossible to flatten the globe
without distortion in scale, area, distance, direction and conformity, various projections
have been designed to limit the effect of one or more distortions at the expense of others
(ESRI, 1996a). The projection that is used will, therefore, depend on the scale and the
purpose of the map (ESRI , 1996a).
South Africa's standard projection has recently been changed to incorporate the World
Geodetic System, 1984 (WGS 84). This change in projection was necessary with the
advancements in modem positioning technologies and the globa1isation of techniques and
data (Wonnacott, 1997). The datum is referred to as the Hartebeeshoek 94 datum because
of the location of its reference points (Wonnacott, 1997). The projection used in this study,
however, varies from the standard system, as the base maps originated prior to the change
in systems and, therefore, uses the former standard projec tion. This projection had
reference co-ordinates at Buffelsfontein based on the modified Clarke 1880 spheroid,
comprising the Cape datum. The projection is the Gauss (conform) projection, more
commonly referred to as the Transverse Mercator (TM) projection. The TM projection
5 Snap Tolerance - automatically joins the ends of arcs together within a given distance to produce complete polygon s
(ESRI,2001)
CHAPTER 4: METHODS OF DATA AQUISITION 61
projects a sphere onto the inside of a cylinder, tangent to the central meridian (ESRI,
1996a). The TM is conformal meaning that the meridians (longitude) and parallels
(latitude) intersect at right angles preserving the shape in any direction at a regional scale.
Distortion of area, scale , distance and direction, however, increases with distance from the
central meridians (Dana, 1997). South Africa uses a number of TM projections, adjacent
to each other, to cover the large east-west extent of the country. The projections are
centred on every odd meridian with two-degree zone widths (one degree on either side of
the central meridian). L031 is the projection used for the Hazelmere Catchment as the
meridian is centred on 31°, which runs through the catchment (Wonnacott, 1997). As the
catchment is situated in such close proximity to the meridian distortion is minimal, and
therefore, this projection can be used to adequately calculate distances and area.
4.2.5. Error Management
GIS is a powerful spatial tool for enabling analyses of a range of spatial interaction,
however, G1S products may possess significant amounts of error. By ensuring that high
standards are applied to the preparation and editin g of the maps some errors can be
avoided, minimised, or corrected. Other errors are inevitable artefacts of the complexity of
the landscape and characteristics of the cartographic models used (Campbell, 1983).
The main source of error in using a GIS is inherent error. These errors are those present in
the original data sources, or those arising from data capture and representation. Inherent
errors include both positional and attribute error (Woods , 1998). From inherent error ,
operational error occurs through the analysis and manipulation of uncertain data . There are
several inherent errors to be aware of and to take into consideration when preparing maps.
Firstly, errors occur when interpreting aerial photographs. There are two errors that can
occur when interpreting aerial photographs: the error of omis sion and the error of
commi ssion (Woods, 1998). In this study, for example, some types of land use are
identified more accurately and reliabl y than others. This results in areas being omitted or
commissioned to the wrong category because of the resolution or degree of generalisation
of the classification system used. The second form of inherent error occurs when
transcribing polygon boundaries from photographs to a permanent medium, such as the
orthophotos (Woods, 1998). The distortion of photographs previously mentioned, and the
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inconsistency of date s between the photographs and the orthophotos, makes transcribing
the boundaries of polygons uncertain. With ground truthing, however, this error is cleared
as many of the boundaries are along roads or river courses. The third form of inherent
error arises when converting spatial data to digital format (Woods, 1998). In this study the
digiti sing process was used and the errors relating to this process have been discu ssed in
Section 4.2.3. The last form of inherent error occurs when coding attribute data (Woods,
1998). This occurs when labelling polygons with the incorrect land use, not because of
incorrect classification but because of input errors (Rivers-Moore, 1997).
Ground truthing is field surveys undertaken to check that the information on the map
conforms to that actuall y on the ground. Ground truth ing is made easier by the use of a
GPS (the Garmen Explorer III and the Trimble GPSs were used subject to availabilit y) that
can pinpoint one's position on the globe through satellites, to an accuracy of within metres.
Random points along access routes are taken with a note of the relevant land use at each
point. These points are then matched to the same point on the map and the corresponding
land use recorded. A comparison of point s is easily seen from an error matrix (Table 5.1),
a table of N-by-N arrays of interpreted land use values versus actual land use values,
showing omission and commission errors, as described above . Kappa statistics (Appendix
3) were carried out on the error matri x to test the viability of results (results provided in
chapter five) (Woods, 1998). It is important to keep in mind while ground truthing that the
dominant land use is recorded. At each speci fic site it is this general pattern of the
surroundings that is recorded and not the actual practice at that exact point. This is
important as general assumptions identify spatial patterns and trends that make for better
decisions in management. This process quantifies the level of error of the maps.
4.2.6. Analysis & Statistical Tests
With the process of mapping compl ete and the knowledge of errors in the data made
evident , manipulation of the data is required to provide meaningful information. From the
land use maps the total area of each land class is calculated by running the summary
function in ArcView 3.2, specifying total area. The chi-squared test (one-way contingency
tables) was used to verify hypotheses concern ing the values (Clarke, 1987). The chi-
squared test calculates the degree to which the observed frequencies differ from the
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expected ones (see Appendix 3) showing the significance of change between the three land
use maps.
Further analysis has been undertaken on the land use maps in order to produce an image
showing all areas that have undergone change between 1989 and 1996. In order to achieve
this, each land use map was converted to a grid and, using the map calculator in ArcView
3.2, the 1989 land use grid was subtracted from the 1996 land use grid (ESRI, 1996a). A
simple Boolean image showing areas of change against areas of no change is thus
produced. The results of the analysis and statistics are discussed in Chapter five.
4.3. SOIL SAMPLING
A Masters program is currently underway to investigate soil properties of the Mdloti
Catchment. Fifty random soil samples were collected throughout the catchment ensuring
that each ecotope was well represented (Myeza, 2002) . Samples were extracted from the
surface and the bottom of the soil profile or at a depth of one metre. Land use type was
recorded at the sample site in terms of conservation practices, canopy cover and height of
vegetation as well as leaf litter and organic matter. The structure of the soil was also
recorded. The samples were sent to the soil laboratory at the Cedara Agricultural College
where analysis of the physical and chemical properties was undertaken. The analysis of
the soil includ ed tests for organic carbon perce ntage , pH, Electronic Conductivity (EC),
Cation Exchange Capacity (CEC) , Exchangeable Sodium Potential (ESP) and textural
(particle size) analysis. Standard methods of analysis (Baize, 1993) were used to
determine these properties and a summary of results, available at the time of submission
for this dissertation, is presented in appendix 4. This analysis will aid in determining the
degree of aggregation and therefore the stability of the soil resulting In a more
comprehensive understanding of the integrated aspects of the catchment for holistic
management and to determin e cause of the sedimentation rate in the Hazelmere Dam.
Coverage of the results is provided in Chapte r five and a discussion of the findings in terms
of land use and sedimentation is provided in Chapter six.
The aerial photographs used in this study were also used to map eros ion features in the
masters program investigating soil. A Southern African Regional Commission for the
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Conservation and Utilization of Soils (SARCCUS) type map was generated indicating the
degree of erosion according to the number and severity of visible erosion forms
(SARCCUS, 1989). This map of erosion features can be compared with the map of land
use change to aid in visualising the interrelated characteristics of components and
processes for holistic management (objective 6, p. 4).
4.4. POPULATIO N COUNTS
The 25 % error reported for the 1996 census as the lowest of all previous census results, in
addition to the inconsistency between district boundaries and the catchment boundary,
motivated for a random house count to be carried out by the author on the aerial
photographs (Currie, 1997; Russow & Garland, 2000; StatsSA, 2001).
A transparent square, three square-centimetres In SIze, was placed randomly on the
photographs and the number of houses within the square was counted. This process was
repeated three times per aerial photograph and the totals averaged providing an average
number of houses per square. The actual area of catchment that the square covers can be
calculated by using the scale of the photographs (1:30 000 for 1978 and 1996 aerial
photographs; 1.25 000 for 1989 aerial photographs) making the actual size of the square
0.9 km2 (1:30 000) or 0.75km2 (l :25 000) . The actual area of the catchment (376km2) is
then divided by the actual size of the square to determine the number of times the square
fits into the catchment (418 and 501 times). Once the average number of houses per
square has been determined for the catchment it is then multiplied by the number of
squares that fits into the catchment area. The total is an average number of houses for the
catchment. An average number of nine people per household was established according to
random questioning of the local inhabitants by the author. This random questioning was
achieved by stopping frequently to ask inhabitants nearby (either walking along a road or
in properties adjacent to the road) and questioning them on the number of people that
occupied their household and how that compared with other households around them. The
average number of houses was then multiplied by the factor of nine in order to estimate the
number of people in the catchment.
Although not an accurate measure of population by any means, it does provide an estimate
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for the catchment and the results coinci de wi th the photograph years for comparison of
change in land use intensity over time (objective 7). A comparison of these population
counts with values from the census is given in Chapter five. Tables 5.2 and 5.3 p. 90)
reflect the values from each. Th e conce ntration of houses is generalised for the entire
catchment rather than the scattered pattern in reality. Thi s restricts the comparison
between areas in order to establish spatia l changes in intensity.
4.5. SLOPE & ASPECT
The figures presented in Chapter three p. 34, 35 and 36) of relief, percentage slope and
aspect we re developed from ten-metr e interval con tour data provided by Umgeni Water for
the catchment area. The contour ArcV iew shapefi le was converted to a Tri angular
Irregular Ne two rk (TIN)6 using ArcView 3.2 software extensio n - 3D-analyst 2.1. Th is
TIN is illustrated in Figur e 3.4 p. 34) showing the relief of the catchment. Th e T IN was
then used to calculate percentage slope and aspect using ArcView 3.2 softw are extension -
Model Builder. These images are illu strated in Figure 3.5 and 3.6 p. 35 & 36) respectivel y.
Th e understanding of the percentage slope and aspect is important when con sidering
managem ent alternatives for the different land uses as we ll as con tributing to the
und erstanding of integrated factors influencing the sedimenta tion rate of the Hazelm ere
Dam (objective 7, p. 4).
4.6. FIELD SURVEYS
A number of visits to the catchment area we re undertaken to observe land use activities,
such as the conservation practi ces employed by the different land use rs, and to identi fy
possibl e causes for the extensive eros ion features visible thro ughout the surroundings, such
as road s, footpaths and poor land use practi ces (objective six and seven, p. 4) . Later visits
were und ertaken to ground truth the land use maps and to monitor sand mining operations,
visible in the catchment, for posit ive and negative environmental impacts and its
contributions to the sedimentation rate (objective 7, p. 4). As described above, ground
truthing was und ertaken with a GPS marking rand om poi nts and noting the dominant land
use type at each point, to crosscheck the land uses on the ground with those on the 1996
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map derived from aerial photographs. In association with another Masters program, a
number of trips were undertaken together, whereby soil samples were taken (see Section
4.3 above).
4.7. SUMMARY
The stated aim of the research is to inves tigate the exte nt to which sedimentation within an
impoundment can be attributed to land use change, thus, the key methodology was to
accurately represent the land use of the catchment with the use of a GIS and to compare
this again st the sediment data supplied by Umgeni Water, presented in Chapter five. Thi s
process produced a series of maps representing land use, from which analyses of the
change in land use over the past two decades could be compared with changes in sediment
data. These land use maps and changes over time are presented in Chapter five, with a
discussion of the findin gs. However, land use often changes due to external pressures,
some of which were also observed from aerial photograph s and/or visits to the field during
ground truthing, such as soil characteris tics , percentage slope and aspect and land use
intensity. These pressures, influ encing changes in land use, are also mentioned in the
Chapters five and six.
6
TIN - method used to create a surface from point data by joining poin ts to form a set of conti guous ove rlapping




The values of suspended solids, turbidity and inflow volume, measured at the inlet of the
dam and made available by Umgeni water for the time period between 1989 and 1999, are
reproduced in Appendix 1. It was established, in Section 2.5, that a number of variables,
including friction, volume and velocity, affect the amount and size of sediment that can be
kept in suspension in the river. However, only values of inflow volume were available for
analysing changes in suspended solid s. The methods used to obtain the values and the
limitations with regard s the sampling have been discussed in Section 4.1 . These values are
included to illustrate the extent of the problem of sedimentation, outlined in Chapter three ,
and in order to compare changes in sediment with changes in land use.
Figures 5.1 and 5.2 (a) show the monthl y changes in turbidity and suspended solid s
concentrations at the inlet of the dam over an eight-year period, 1989 to 1996. The data
from 1996 have not been included on the graphs as land use values for this period are
unavailable and therefore cannot be used in a comparison of change. The bar graphs
highlight trends in the datasets by clustering common values together. Generally, very
high values exist for both turbidity and suspended solids, displaying distinct seasonal
trends with summer maximums related to precipitation and discharge. Figure 5.1 depicts
the range in turbidity values between 2.7 and 1227.5 NTU. In compari son, the acceptable
levels of turbidity for domestic use as stipulated by the Department of Water Affairs and
Forestry (DWAF) are between zero and one NTU while ten NTU is considered severe
(Holmes, 1996). Suspended solid values depicted in Figure 5.2 (a), range from 7.2 to
628 .8 mg/l. Acceptable concentrations of suspended solids are given by DWAF for
industrial and agricultural use only. Acceptable levels range from 0-50 mg/I in this
category (Holmes, 1996). These high recordings for both turbidity and suspended solid
values indicates a concerning health risk for the local people reliant on the river water for
consumption as a result of the infectiou s nature of the micro-organisms (bilharzia,
Escherichia coli (E.coli)) that attach themselves to the soil particles (WHO , 1984). These
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recordings also demonstrate the quantit y of sediment entering the dam and implicating
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Figure 5.2. (a): Mo nthly changes in Suspended Solids concentrations, showing mean monthly precipitation, monthly mean suspended
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Figure 5.2.(b) : Annual changes in Suspended Solids concentrations, showing MAP, annual mean and standard deviation -.Jo
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The suspended solids values shown in Figures 5.2 (a) and (b) display a wide range of
values. Mean monthly suspended solids ranged between 28. 1 mg/l (std dev = 14.0) in June
and 212.4 mg/l (std dev = 202.3) in March , again showing the seasonal variation in values
(Figure 5.2 a). Mean annual suspended solids values range between 35.9 mg/l (std dev =
19.3) in 1996 and 159.5 mg/l (std dev = 141.7) in 1993 (Figure 5.2 b). Figures 5.3 (a) and
(b) show the changes in monthly and annual inflow volume, respecti vely. Mean monthly
inflow volumes ranged from 2.2x 1061/day (std dev = 1.1) in the month of August to
24.3x 1061/day (std dev = 30.0) in December, showing a distinct seasonal variation In
inflow volume (Figure 5.3 a). The seasonal variations in the suspended solid s, however,
do not coincide with the inflow volume. Mean annual inflow volume also differed greatly
over the sampling period . Values ranged from 1.8 x l 061/day (std dev = 1.2) in 1992,
excluding 1994 where the data is incompl ete, to 12.2 x l061/day (std dev = 14.9) in 1989
(Figure 5.3 b). Annual inflow values and annual suspended solids values showed a
stronger correlation than the monthl y averages. A drier year with low annual inflow
volume values generally correlated with a low annual suspended solids value. The lowest
inflow volume year does not, however, correspond with the lowest suspended solid year.
Monthl y values vary more radicall y as two months may have similar monthl y inflows yet
one , for example, may have had one intense rainfall event lasting a few days or hours while
the other may have had gentler rain over a longer period of time. The difference in inflow
is negligible but the difference in suspended solids values could be quite considerable.
Suspended solids are, therefore, more dependent on the other variables, as outlined in
Chapter two. The high standard deviations indicate that the mean values vary greatl y
within any given month or year. These standard deviations confirm the concerns raised
over the inconsi stencies discussed in Sectio n 4.1.
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Figure 5.3 .(a) : Monthly changes in Inflow Vo lume, show ing monthly mean precipiation, monthly mean imflow volumes
and standard deviations -.JIv
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To determine the extent of the relationship between inflow volume and suspended solid s,
similar values were extracted and comp ared. For example, mean monthly inflow volumes
(Figure 5.3 a) for February 1991 and March 1991 have similar values of 19.4 and
18.5x I061/day respecti vely, yet the suspended solids values for the same period differ
substantially. For February 1991, the mean suspended solids value (Figure 5.2 a) was
calculated as 68.6 mg/l while March 1991 was 628 .8 mg/l. Likewi se, similar suspended
solid values (Figure 5.2 a) in July 1993 (437 .1 mg/l) and September 1993 (434. 1 mg/l) do
not yield similar inflow volumes . In July 1993, the mean monthl y inflow volume (Figure
5.3 a) was 0.8x I061/day and in September 1993, the mean inflow volume was 2.6x I061/day.
It is also evident from these figures that an inflow volume between 0.8 and 19.4x I061/day
can yield a suspended solid value from 68.6 to 628 .8 mg/1. From these examples it can be
noted that the highest inflow volumes in fact yielded the lowest suspended solids volume
(February, 1991) which appears to contradict the relationship between inflow volume and
suspended solids suggested by the literature in Chapter two. In contrast, the similar inflow
volumes (Figure 5.3 a) for February 1994 and November 1995 (2.6x 1061/day), reflected
similar suspended solids values (Figure 5.2 a) (40.2 and 40.3 mg/l respectively). The
inconsistency in these observations initiated the notion to run a regression analysis to test
the relationship of the two datasets.
The regression line illustrated in Figure 5.4 has an equation of y = 8821n(x) - 762; r2 = 0.7.
Thi s line summarises the association between the values of inflow and suspended solids.
The correlation (r2) of the inflow volume and suspended sediment values determ ines the
strength of their assoc iation. The regression equation illustra tes a positive slope suggesting
an increase in inflow volume (x) is reflected by an increase in suspended solids (y). The
natural log (In) in the equation denotes that the increase in suspended solids (y) is not
consistent with the increase in inflow volume (x). As inflow volume increase, the increase
in suspended solids slows . For example, a volume of 5x I061 can contain approxi mately
650 kg of suspended solids, depending on avai lability of sediment. At a volume of IOx I061
the amount of suspended solids that can be carried has approximately 1270 kg showing a
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A greater amount of sediment in suspension as a result of an increase in volume does not
necessarily mean more sediment-laden runoff is washing off the land into the river system.
It could equally mean that sediment previously deposited in the river channel is now
entrained by the flow and transported further in suspension as the discharge volume
increases. These particles are larger than those already in suspension resulting in larger
particles entering the dam and being deposited where the velocity slows, but where the
volume is greatest; evidence that other factors may play a role in keeping particles in
suspension. The nature of the sediment is also likely to be a factor in transportation as
sandy soils are more difficult to carry in suspension yet easier to deposit than clay soils.
Alternati vely, clay soils are more diffi cult to erode but once eroded are easy to transport
and to keep in suspension (Figure 2.2 p. 17). The corre latio n (r2) of suspended solids and
inflow volume of 0.7 is strong enough to suggest that there is a relationship, yet weak
enough to suggest that other factors are also influential (Figure 5.4). Due to the lack of
avail able data on water qualit y monitored over an extended time-period, such relationships
and trends could not be established with any degree of confidence.
The seaso nal variations depicted in Figure 5.1 and 5.2 (a) display a distinct increase in both
turbidity and suspended solids from September through to March. These months
correspond with KwaZulu-Natal wet period as illustrated in the figure s by the line
representing average rainfall and in Tabl e 3.2 p. 38). Particularl y high peaks in the values
are visible in September/October, coinciding with the first rains after a dry winter. A
discussion of the role of temporal and spatial changes in land use on the transport of
sediment to the river and dam is discussed in Chapter six. High peaks are also evident for
Febru ary/March when rainfall and moisture levels are high as well as high antecedent soil
moi sture conditions from the precedin g months ' rainfall. This soil moisture reduces the
amount of infiltration, as the soil becomes saturated easily. This period also sees the
change in seasonal rainfall. Temperatures are still high enough for instability showers to
occur, but frontal condit ions, common with winter, start to develop in the cooler western
region of the country and move over the country bringing frontal rainfall to the catchment.
This is also the time for harvesting of the summer crops and planting of new winter crops
by subsistence farmers, reducing vegetation cover and exposing soil to raindrop impact and
runoff. Evident durin g winter, are genera lly much lower turbidity and suspended solid
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values from the absence of water to transport sediment, however, turbidity values are
higher than suspended solid values. These higher turbidity values are attributed to the very
fine material remaining in suspension while larger particles are deposited as the flow
volume and velocity decrease.
Figures 5.2 (a & b) and 5.3 (a & b) also show the monthly and annual average rainfall
(Appendix 2) in compari son to the inflow volume and suspended solids. Rainfall
determines the amount of water that is available for transporting sediment to the river.
Rainfall intensity determines the amount of sediment that is removed, however, such
intensity values were unavailabl e. A compari son of monthl y average rainfall with monthly
average suspended solids shows a good relationship. Peaks in rainfall are temporally
comparable with peaks in suspended solids. The peaks in suspended solids are less distinct
than those in the rainfall figure s, which can be directly related to the intensity of the
rainfall and the erodibility of the soil. The relationship between monthly and annual
rainfall and monthl y and annual inflow volumes is less apparent. This could be explain ed
by a change in the velocity of the water flow in the river or by the loss of 67 % of runoff
before reaching the dam, as ment ioned in Chapter three. The loss in runoff may be due to
soil storage, evaporation and/or collection by the local people for consumption and
irrigation. The change in the velocity of the water flow in the river is due to the energy
supplied by the raindrops and will not necessarily reflect in the volume.
5.2. LAND USE CHANGES
The land use maps for the three years; 1978, 1989 and 1996 were created as described in
Chapter four and are represented in Figures 5.5, 5.6 and 5.7 respectively. Pie charts, given in
Figure 5.8, graphically display the total area under each land use type based on an analysis of
the maps presented in Figures 5.5 to 5.7. The limitations and errors pertaining to the creation
and accuracy of these maps have been discussed in Chapter four and the results of statistical
tests carried out on the maps are presented below to illustrate the accuracy of the maps to be
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Figure 5.7: Land uses of the Hazelmere Catchment in 1996






































c) Percentage area of each land use in 1996
Figure 5.8: Percentage area covered by each land use for (a) 1978, (b) 1989 and (c) 1996
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Ground truthing checks the information on the map to ensure it conforms to that actually
on the ground to a reasonable level of confidence. Ground truthing of the land use maps
was severely limited by the impassable roads in the catchment. Forty reference points
were, however , taken with a GP S throughout the catchment. According to the error matrix
(Table 5.1) , for the most recent land use map (1996) versus the gro und truthing carri ed out
in 200 I, a 20 % error occurred. The difference in scale between the 1996 land use map
(1:30 000) and the land cover database (I :250 000) , completed in 200 I (Figure 3.9 p. 45)
made ground truthing the 1996 land use map by this means also prone to large error.
However, in relation to the 40 % change in land use between the 1989 and 1996 maps,
some of this 20 % error is more likely to be accredited to changes since 1996 than
inaccuracies in classification and mapping. Kappa statistics (Wood s, 1998) were
calculated on the results of the ground truthing indicates that the observed values exceeded
the expected values by chance. A result of 0.7 was calculated which is greater than the
90% confidence value of significance meanin g that the values are statistically viable.
Tabl e 5.1: The error matrix of the 1996 land use map versus the 200 I ground truthing
Qj "0 ",
Map
c Qj - OIl ~~ - 0 c ... -;c.J ~ ::a ON -... 02: ", -Ground ~ 0 ~ Qj 0.:::: ...OIl 0 ... 0 t-<
::I ::I ~ c r;..rF.1 U
Sugarcane 4 0 0 0 0 4
Cultivated I 16 0 4 0 2 1
Woodlots 0 0 0 0 0 0
Grazing 0 3 0 12 0 15
Forestry 0 0 0 0 0 0
Total 5 19 0 16 0 40
The percentage land use values were also tested for the significance of change over time by
using the chi- squared test (X2) (see calculations in Appendix 3). The chi- squared test
assesses the degree to which the observed frequencies differ from the expected ones. The
null hypothesis was that there was no significant change between each epoch, from 1978 to
1989 and from 1989 to 1996. For this analysis the critical value for four degrees of
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freedom (n - 1; n = land use clas ses), at the five percent confidence level was 9.488, while
at the one percent confidence level, the value is 13.277 (Clarke, 1987). The value
calculated for the 1978 to 1989 epoch was 2.7; well below the acceptable levels. The null
hypothesis was accepted and the conclusion drawn that there was no significant change in
land use from 1978 to 1989. However, the value calculated for the 1989 to 1996 epoch
was 19.2; above the acceptable levels. The null hypothesis was rejected as a result, the
conclusion being that significant change in land use had occurred during this epoch.
Although a small percentage of change is evident in the 1978 and 1989 pie charts it cannot
be ascertained that this is as a result of land use change or other influences such as
mapping error. The 1989 to 1996 epoch, however, shows a high percentage of change
indicating that despite the possibilities of error, significant change in land use has occurred.
The maps in Figures 5.5 to 5.7 highlight the significant land use changes that have occurred ,
namely: the change from predominantly subsistence grazing land to small-scale agriculture
and subsistence cultivated land. This change from subsistence grazing to small-scale
agriculture and subsistence cultivation is seen by the change in percentage area under these
two land use types for each epoch (Figure 5.8). The grazing section decreased in area from
57 % in 1978 to 37 % in 1996, whereas cultivation increased in area from 24 % in 1978 to
48 % in 1996. The majority of this change was noticed between 1989 and 1996 when the
grazing diminished by 34 % and the cultivated section increased by 66 %. The change to
cultivated land was most prominent in the lower reaches of the catchment, closest to the town
of Verulam. Verulam provides a market for the produce and where employment can be
obtained. The growth of the north coast of KwaZulu-Natal has opened up opportunities for
small business development and there is a growing need for labour and the outsourcing of
cheap supplies. As a result , the people from this rural region of the catchment, mostly men,
were able to seek employment further afield, leaving the women, children and elderly to tend
the land. The attraction of earning money through cash cropping has caused the increase in
agriculture activity, despite the loss of labour. This change in population is most evident
between 1989 and 1996, during which time the ' homeland' system was abolished and local
business regulations relaxed. Such changes are borne out by the social survey data presented
in Section 5.4. Although grazing land has been converted for cultivation and cash cropping,
the number of cattle has not necessarily decreased. Land available for grazing has been
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restricted to smaller fields to make way for cultivation. The social status associated with the
number of cattle affording such a statement is given in Section 3.10.
The woodlot sections have been steadily declining in area from ten percent in 1978 to six
percent in 1989. This decline is then followed by an increase between 1989 and 1996 of
one percent (Figure 5.8). Determined by the dominant land use in the vicinity, the four
percent decrease in the woodlot sections has been replaced by either subsistence grazing or
small-scale agriculture and subsistence cultivation. Wood, extracted from these woodlots,
was used as fuel to cook and provide heat compensating for the lack of services such as
electricity and piped water. Also impacting on the decline of woodlots is the removal of
woodlot vegetation from floodplains due to the fertile soils that are ideal for cultivating on.
The woodlot vegetation on the floodplains is important for filtering sediment before it
reaches the river and for controlling floods by restricting the scour from overtopped
streams. There is no evidence in the catchment that trees are grown or harvested for sale.
The region outside the former 'homeland', particularly in the extreme north of the
catchment, has remained relatively unchanged. Activities here include cultivating timber
and sugarcane for commercial purposes. These are large-scale, privately owned, farms
with all the necessary services (electricity, potable water), and sufficient finances to
produce profitable crops to afford these services. The total area under commercial
sugarcane did not change over the 18-year period covered by the study, while the forestry
section that had reduced from four percent to three percent by 1989 regained the one
percent by 1996 (Figure 5.8). This change in forestry area may be attributed to an error in
classification related to the harvesting of a section of forestry land in 1989, rather than an
actual change in land use.
Commercial forestry and sugarcane together comprised ten percent (33 krrr') of the
catchment in 1996, while small-scale agriculture and subsistence cultivation comprised
48 % (167 krrr') in the same year. The proportion of the catchment under each respective
land use is an important aspect to consider in terms of its contribution to the sedimentation
problem. Hypothetically, if commercial sugarcane has the highest sediment yield per unit
area it may contribute the least to the sedimentation of the dam as it covers only a small
portion of the catchment. It would be important to manage the sediment yield from
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sugarcane although it becomes less significant than for subsistence cultivation that covers a
larger portion of the catchment and therefore contributes greater to the total sediment of the
dam .
Figure 5.9 was produced by combining the maps in Figures 5.6 to 5.7 as described in
Chapter four to produce an image showing all areas that have undergone change between
1989 and 1996. The change between 1978 and 1989 has already been shown to be
insignificant and was, therefore, excluded from this map of land use change. During the
same period sediment values fluctuated, neither increasing nor decreasing within this
epoch. Unfortunately, sediment values prior to 1989 were not available. Such values could
have assisted in determining the extent of the relationship between changes in land use and
sedimentation rates. Assuming an assessment of sediment yield occurred as part of a
feasibility study for the dam prior to construction it can be inferred that the high
sedimentation rate, certainly from 1989, was not apparent at the time of the dam's
construction and has, therefore, increased.
Despite the uncertain association with high sediment values extensive changes in land use
occurred, particularly around the growing settlement of Ndwedwe where transport and
basic services, such as schools, shops and clinic s, are available and in the immediate
vicinity of the rivers indicative of the lack of potable water. Change is also noticeable
along the southern boundary of the catchment, close to the market town of Verulam in the
east and to the Mgeni Catchment in the west. This area, adjacent to the Mgeni Catchment
and closest to the Inanda Dam, is where people were displaced in order to allow for the
construction of the Inanda Dam in 1990. An investigation of the mean number of
households present on the aerial photographs in 1978 showed 15 048 housing clusters
compared with 22 545 in 1989 confirms that the catchment underwent additional habitation
(Table 5.3). It was also observed from the aerial photographs that the concentration of
households is greater in the southwestern reaches of the catchment than for other areas of
the catchment. These population dynamics are discussed in more detail in Chapter six.
Generally, the areas of highest population density are those closest to major centres , water























The soil analysis results, available at the time of submission, include aspects of the physical
and the chemical properties of the soil (Appendix 4). Physical properties of the soil include
the texture of the soil, which is dictated by the parent material and not influenced by human
activity. The chemical properties govern, for example, the fertility, salinity and acidity of the
soil, in turn determining stability and structure. These chemical properties can be
significantly influenced by land use, particularly by the organic matter content, which
influences the fertility and stability of the soil.
The textural analysis showed that sand dominated soils are most prominent In the
catchment. This fraction of the soils is as a result of weathered sandstone, dominating the
geology of the catchment. The topographic condition of the catchment, discussed in
Section 3.5, causes the soils to be shallow, young and strongl y dominated by the parent
material making them conducive to erosion. Soils with greater than a 35 % clay portion ,
such as those in the Ndwedwe (Zb3) ecotope are generally poorly drained causing the soil
to retain water which is conducive to cation exchange bringing about their highly
dispersive nature.
The structure ofthe soil determines the aggregate stability and permeability of the soil. Stable
aggregates are more resistant to erosion than loose particles as the chemical bonds binding the
particles together have to be broken down before they are transported. The soil structure,
observed in the field during the collection of the soil samples, showed that large textured
soils, such as sandy soils, tended to have a coarse granular structure, whilst the finer textured
soils, namely clays, were moist and held firmly together in a blocky structure. Therefore, the
structures observed in the catchment would indicate that the sandy soils, due to their granular
structure, are more easily eroded.
Organic matter is important in soil fertility due to its release of nitrogen , phosphorus and
sulphur upon oxidation. Organic carbon levels indicate that the soils in the catchment have
low organic matter content. Organic matter is higher in clay soils than sandy soils as sandy
soils have little cohesion and organic matter is therefore lost to surface erosion.
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Cation exchange is the process by which nutrients, absorbed by clay particles become
detached to be absorbed by plant roots in exchange for hydrogen cations. This release of
hydrogen increases the acidity of the soil accelerating the weathering of parent rock
causing the release of mineral to replace those used by the plant. Cation exchange capacity
(CEC), the ability to retain cations, is generally lowest in sand. CEC of the catchment soils
are particularly low , ranging from 0.4 to 3 meq/l OOg. Sand values should range between
o- 5 meq/l OOg while clay can be as much as 50 meq/l OOg (Hazelton & Murphy, 1992) .
The pH of the soils in the catchment, as a result of the low CEC, ranges from 4.1 to 5
indicating acidity. Acidic soils are mo st apparent where precipitation exceeds evaporation
such as in the catchment.
Electrical conductivity (EC) determines the level of salinity, the presence of water soluble
salts, which severely affect plant growth, land use and soil stability. An EC greater than 4
mS/m is defined as saline (Hazelton & Murphy, 1992) . All of the soil samples from the
catchment show values greater than 4 mS/m indicating saline soils throughout the
catchment. Exchangeable Sodium Pot ential (ESP) is the measure of sodicity. The higher
the ESP values the more dispersive the soils and hence the greater their susceptibility to
erosion. ESP values range between 5.2 and 38.7 meq/lOOg for the catchment while
6 meq/l OOg is considered sodic (Hazelton & Murphy, 1992).
SARCCUS-type map is generalised into three level s of severity, low, medium and high
(Figure 5.10). Although thi s level of resolution is insufficient for drawing specific
conclusions it does provide a basi s for comparison with the generalised land use maps.
Comparing the SARCCUS-type map with the map of land use change aids in determining
whether land use change is a cause of the erosion features and the resultant sedimentation
in the dam. Further discussion of thi s comparison is pro vided in Chapter six. The highest
concentration of erosion has been found to occur in the centre of the catchment where the
most severe forms of erosion transpire. The areas of low and medium levels of severity are
tho se in the north of the catchment and those closest to the town of Verulam in the
southeast. The majority of the catchment has been mapped as having a high concentration



















Figure 5.10: The SARCCUS-type map for the Hazclmere Catchment (Myeza, 2002)
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Th e properties of the so il show that the sandy soils in the catchment have poor aggregate
stability while the clay so ils are highly dispersive, indica ting a low resistance to eros ion.
The map of ero sion features also shows that the severity of erosion is high and widespread.
The con sequence of such highly erodible soils in term s of the influence by, and on, land
use is discussed in Chapter six.
5.4. POPULATION CHANGES
The census data for 1985, 1991 and 1996 for the Ndw edwe magisterial districts, which
covers 90 % of the catchment are a, are shown in Ta ble 5.2. Acco rding to the census
records a population increase of approximately 130 % was noted between 1985 and 1991 ,
which was then alm ost completely reversed by 1996. The results from the house counts
carried out on the aeria l photographs, as described in the Chapter four, are given in Tabl e
5.3. Although there is still a substantial change in population between 1978 and 1989 the
hou se counts suggest that thi s is not as great as that depi cted by the census data. Thi s
could be due to the inaccuracy of the census data as reported in Chapter four. The increase
in population figures between 1985 and 1991 has, as previously menti on ed been attributed
to the displacement of peopl e from the adjacent Mgeni Catchment to make wa y for the
development of the Inand a Dam.
Table 5.2 Census results of the Ndw edwe magisterial district for 1985, 1991 and 1996
(modified after Russow & Garland , 2000; StatsSA, 200 1)
Years 1985 1991 1996
Magisterial To tal Density Total Density Total Density
District Pop (km2) Pop (krrr') Pop (km')
Ndwedwe (90%) 138588 156 3 18093 358 144 172 163





House counts 15048 22 545 15 884
Population counts




The result s illustrated abov e have shown high sediment and turbid ity values fluctuating
annually. The sediment values also show a correspondence with rainfall and volume
indicating that sediment movement is strongly influenced by availability of water, the
transport medium of sediment. Large areas of the catchment have experienced land use
change from extensive grazing to intensive cultivation and small-sca le agriculture,
particularly between 1989 and 1996. Soil analysis showed young, sandy soils with low
organic matter content to bind the sand together, cond ucive to surface eros ion or highly
dispersive clays. Such soil properties indicate that the catchment is prone to eros ion. The
changes in population showed an increase until 1991 followed by a decrease thereafter,
which influences the land use intensity. A discussion of these result s in relation to each
other and to other interlinked influences, ident ified by the literature in Chapter two,
follows in Chapter six . Analys ing the result s to identifying the link to land use will
facilitate implementation of better management practices in the catchment.
CHAPTER 6
DISCUSSION
6.1. CHANGES IN LAND USE & IMPLICATIONS FOR
SEDIMENTATION RATES
Comparison between the changes in land use and the suspended sediment values, as
presented in Chapter five, suggests that a diverse array of changes has occurred in the
Hazelmere Catchment. Due to the unavailability of sediment values prior to 1989,
comparisons with the 1978 to 1989 epoch of the land use maps could not be made. This
series of maps would, however, suggest that only a small percentage of the catchment
underwent change during this period. Between 1989 and 1996 a considerable change
occurred in the land use. Subsistence grazing land changed mainly to small-scale
agriculture and subsistence cultivation. During the same period the suspended solids
values were high compared with acceptable levels (0-10 mg/l), referred to in Chapter five .
Mean annual suspended solids values ranged between 75.3 to 159.5 mg/l between 1989
and 1996. While a plausible argument can be made that the high suspended sediment
between 1989 and 1996 is due to the high rate of land use change (which would also
correspond with the theoretical discussion of Wolman (1967) in Chapter two), there is
insufficient data available to conclusively relate the two variables. Of the five land use
types identified in the catchment and the significant land use changes reported between 1989
and 1996 it is essential to consider their respective roles in facilitating detachment or
aggregation of soil particles and their influence on the sediment delivery to the river.
Revealed in the literature review in Chapter two is that different types of land use in the
catchment impact significantly on the sediment yields. Row crops, for example, produce
monthly average sediment yields of 0.6 t/ha in the United States of America while grazing
land yields 0.06 t/ha (Krishna et al., 1988). The change in land use is also important when
determining sediment yield. The change from grazing land to subsistence agriculture could
increase sediment yields by up to 90 times. (Troch et al. 1980).
Two dominant commercial land uses were identified in the catchment, namely: sugarcane
and timber farming. Although the area covered by these land uses is small in comparison
to other land uses their potential contribution to the sediment yield is significant enough for
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inclusion in the holistic management of the catchment to reduce the sedimentation rate of
the dam.
The timber production in the commercial forestry areas of the catchment (shown
previously in Figures 5.1 to 5.3) is a quasi-permanent land use, utilised over many years.
The near permanent nature of the timber produ ction limits the disturbance of the land
compared to land uses relying on annual crops. Long periods of limited disturbance allow
the soil to bind with the roots , developing stable structures thereby reducing the risk of
erosion. This, however, impacts on the fertilit y of the soil as trees require large amounts of
nutrients and water. A reduction in fertility indicates a decline in organic matter necessary
for soil stability and future productivity. Although leaf litter aids in replenishing nutrients
to the soil it is often removed to prevent pest infestation. Competitive species (i.e. plant
species not used for agricultural productivity) removed to improve soil fertility leave the
soil exposed to detachment by rainsplash erosion.
The canopy cover of the mature trees is higher than the critical two metres, at which
maximum velocity of raindrops is reached. Despite coming into contact with the canopy
rainsplash has a significant effect on expos ed soil. Before falling from the canop y the
raindrops accumulate on the leaves and branches increasing in size. The larger the
raindrops, the larger the indentations in the soil and the more soil that is displaced on
impact. Leaf litter, beneficial in replacing nutrients in the soil, also protects the soil from
rainsplash and overland flow.
The felling process of the trees is the most erosive period. Large areas of land used for timber
production in the catchment are clear-felled, the trash frequently burnt and the soil left bare.
Such practices are necessary so as to prevent pests from lying dormant in the residue and
subsequently infesting the next planting of trees. This is particularly problematic in this area
of the country. Studies to find biological controls and pesticides to eradicate these pests are
being carried out at the Institute of Commercial Forestry Research (ICFR) (Samways , 1998).
Until success of biological controls can be ascertained the practice of clear-felling and
trashing will continue to provide the necessary relief from pests. Trash burning renders the
soil hydrophobic preventing the infiltration of water and causing overland flow. The bare soil
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creates little friction to inhibit overland flow. The disaggregation of particles during the
felling process and loss of aggregate stability in the removal of organic material during
burning exposes soil particles to be transported by overland flow.
Forestry is often limited to the steep slopes that cannot be used for any other land use and this
is no exception in the study catchment. The steep slopes at the headwaters of the catchment
are being used for commercial timber production. The change in weight on the slope is
important when considering slope stability and mass movement as well as the above
mentioned concerns of overland flow (Cooke & Doornkamp, 1990). A sudden change in
weight alters the natural balance and causes a shift in the soil's physical properties. The
amount of moisture in the soil determines the type of mass movement that occurs, as well as
the distance of soil displacement. A large number of landslide, rockfall and mudflow scars
are evident on the aerial photographs, particularly on the steep slopes in the north of the
catchment, indicating the importance of stabilising the slopes. These scars are indicative of
the contribution sediment ultimately has on the river. To reduce mass movement and the
resultant sediment loss it is important to implement precautionary measures at felling sites.
One of the most effective measures is the retention of residue during felling on the slope.
This, however, raises the issue of soil conservation versus pest control to be addressed by
those concerned to ensure stability of the slopes as well as successful timber production in the
future.
Collection ofthe felled timber involves the use oflarge trucks and specially constructed forest
roads. The contribution of these heavy vehicles and the roads in the catchment on the
sediment problem is considered further in Chapter seven.
Sugarcane is grown on a comm ercial scale and as a small-scale cash crop within the
catchment. The areas indicated as sugarcane fields on the land use maps (Figures 5.5 -
5.7) are, however, only those commercially grown. Small-scale sugarcane field s are
incorporated with small-scale agriculture and subsistence cultivation. The small-scale
sugarcane is usually grown in conjunction with other crops making it difficult to identify
each parcel separately. Discussion of small-scale sugarcane production is given as part of
the following discussion on small-scale and subsis tence agriculture .
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Disturbances of the soil for cultivation of commercial sugarcane occur prior to the initial
planting of the crops. Such disturbances include: levelling and contouring of the ground
and the implementation of drainage systems (Huletts, 2000). These disturbances result in
large quantities of soil loss as a consequence of the removal of vegetation. The removal of
vegetation causes disaggregation and exposure of the soil to rainfall. Once the crop has
established, clearing of competitive plant species around the cane takes place. This , along
with the height of the cane at maturity (greater than the critical two metres for maximum
drop velocity), indicates a high potential for rainsplash erosion.
In some areas irrigation is used, however irrigation methods can compound the detachment
and transport of soil by simulate rainsplash and overland flow. Sprinkler systems release
water at a set time every day by means of a timer system. This method has no regard for
prior or forthcoming weather phenomenon and results in either excess water or excess
evaporation. Excess water occurs when irrigation continues despite a precipitation event.
As a result there is increased runoff from the saturated soils. Excess evaporation results
when irrigation takes place during the heat of the day. This, in turn, wastes the water
resource and causes saline soils to develop . Fertilizers are used to replace nutrients since
the land is not rested between crops resulting in a build-up of excess nutrients not used by
the sugarcane and promoting the development of acidic soils (Huletts , 2000). Before
harvesting, the sugarcane is burnt and then removed at ground level; no mulch is left in
order to prevent pests from lying dormant in the fields until the next crop is planted
(Huletts , 2000). (The South African Sugar Association is also researching biological
controls for pests associated with sugarcane on the North Coast of KwaZulu-Natal.) The
same implications as discussed for forestry in terms of burning and stripping the fields is
applicable to sugarcane. The mechanical nature of commercial sugarcane cropping
requires that the land be completely fallow before planting and that sufficient space
between the rows of cane be left bare for irrigation and harvesting machinery (Huletts ,
2000). As a result, fallow times leave the area exposed to rainsplash and overland flow.
The rows left bare for machinery provide a clear channel along which the water can run,
accumulating velocity and energy to pick up available particles disturbed by the
machinery. The exposure of the roots of the sugarcane, as observed in the field, was
evidence of the amount of sediment that is removed from mechanically grown sugarcane.
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The very nature of sugarcane (eg: its canopy height and lack of foliage) contributes to the
sediment yield but the land practices used by these commercial sugarcane farmers also
contribute considerably.
Observations made during field surveys showed that the small-scale and subsistence
farmers grow a variety of crops, ranging in properties, such as that of canopy height.
These properties impact on the sediment contribution each crop is capable of producing.
Without a closer inspection of these variations in the crops it is difficult to assess their
contribution to the sediment yield . Although the crops were numerous and
indistinguishable on the aerial photographs, a number of observations, in terms of the type
of practices utilised by these land users, were made in the field and are discussed below.
Crops were not planted close together and the areas between the crops were cleared of non-
agricultural species resulting in expo sure of large amounts of soil. The implication of such
bare ground has been mentioned previously in the commercial cultivation category.
Planting on steep slopes owing to population pressures and the undulating landscape and
without correct conservation measures is another practice causing concern. Figure 6.1 is a
photograph taken, in the catchment, of small-scale agriculture and subsistence cultivation
on the slopes. The slope in question is approximately a 30 % slope and the cultivation of
annual row crops has taken place on the steepest section that is most vulnerable to slope
wash . Depending on the erodibility of the soils, steep slopes should be used for permanent
land uses, such as the growing of trees , whil e high erosion hazard crops should be
restricted to the gentler slopes. A slope with moderately erodible soils and cultivated by
annual row crops should not exceed slopes of six percent. Tho se under sugarcane should
not exceed 15 % and under timber, 30 % (Russell, 1998a) . Maize, for example, the staple
food of the local people, erodes at a rate of between three and ten tonnes per hectare when
grown on gentle slopes with contour conservation (Russell , 1998a). With two thirds of the
catchment having a slope greater than 10 % (Chapter three) these areas should ideally be
left for sugarcane and timber production. The socio-economic nature of the catchment
makes this an impractical suggestion. Therefore, conservation practices, such as terracing,
to lower the slope steepness and slope length, is crucial to the sustainability of land in the
catchment. Further discussion of cultivation on steep slopes continues in Section 6.4.
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Rotation was onc of the indigenous conservation measures observed. Due to increased
pop ulation densities the availability of land is limited and crop rotation as a res ult has
declined. Also impacting on the traditional method of rotation is the lack of available
labour to plough new fields, a consequence of the men leaving the land to become migrant
workers. The land now supports a number of crops, which are grown simu ltaneo usly in
adjacent plots. These are varied seasonally ensuring food all year rou nd to sustain the
livel ihoods of the fami ly. This is also a traditional conservation practice known as mult i-
cropping. Rotatin g cro ps and multi-cropping changes the nutrie nts used and replaced
increasing ferti lity and prod uctivity, while decreasing diseases. These practices should be
enco uraged and imp roved upon through co-operation with the land users.
Figure 6.1: Cultivation on steep slopes in the Hazelmere Catchment
Land available tor grazing in the catchment has been reduced over the time period
researched by 20 % from 57 % to 37 %. The status of cattle in the community areas of
developing countries is one of well-being (Stocking, 1988) , as cattle are seen as an
investment that grows through breeding and that can be sold in hard times. It is, therefore,
unlikely that the number of cattle has been reduced but rather that more land has been
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converted to cultivating fields. Animals compact the soil and destroy young vegetation
through their trampling. This results in surface sealing and reduced vegetation, which in
turn increases runoff. The vegetation is then further reduced due to the reduction in soil-
water availability. More runoff means that more sediment and organic matter is removed,
reducing the quality of fodder. In a counteractive manner the trampling of the animals
affects the quality of their food, which ultimately impacts on the worth of the animal by
reducing its total mass (Russell, 1998b). Studies by Camp (1981) in the Weenen region of
the Tugela Catchment, north of the Mdloti Catchment in KwaZulu-Natal, have discovered
that 27 000 hectares have been completely lost due to overgrazing, and in other areas the
grazing capacity has been halved. Rotating grazing land would allow parcels of land to
rejuvenate thereby providing better quality fodder and reducing overgrazing effects , such
as soil compaction and paths. The impact of paths is discussed further in chapter seven
The woodlot areas in the catchment are areas that have been left to grow uncontrolled, and
consist of a mixture of natural vegetation and alien vegetation , harvested for fuel and
firewood. Alien vegetation , because of its ease and speed of growth, has infested the
naturally vegetated areas. Their light, nutrient and water sapping characteristics are, however,
detrimental to indigenous species, soil fertility and overall land productivity. As services,
such as electricity, replace the need to harvest wood for fuel, two possibilities arise. The first
is that the woodlot areas will be converted into cultivation or grazing land. The second is that
there will be an increase in the woodlot areas and the wood harvested for timber sales giving
rise to the cultivation of fast growing alien trees as a small-scale crop. Whichever eventuality
occurs in the catchment the reduction of riparian vegetation and the removal of natural
vegetation from the steep slopes will have concerning consequences, addressed in sections
above. The importance of conserving natural vegetation in these areas needs to be understood
by the inhabitants to ensure the future productivity in the catchment.
It has been repeatedly emphasised that all the factors involved in sediment availability and
removal are interlinked and therefore land use cannot be held solely accountable for the
6 million rrr' of sediment that has settled in the dam since its completion in 1977. During the
investigation of land use changes in the catchment and from the field surveys, a number of
other factors stand out as possible contributors. These factors have varying implications ,
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some affecting land uses and the extent of vegetation cover while others have a direct
contribution on the sediment. A full investigation and quantification of these factors extends
beyond the scope of this study. Their inclusion is made in order to provide a holistic picture
of the processes in the catchment that impact, to some extent, on the sedimentation problem,
and to assist more effective management of the catchment.
6.2. LAND USE CHANGE & INFLUENCES OF SOIL
PROPERTIES
A discussion of the result s of analysis presented in Chapter five is prov ided below in order
to understand the behaviour of the soil , in particular the avai lability of part icles for
transp ort , the impact of different types of land use and the impact these have on the
sedimentation rates in the catchment.
The sandy soils domin ating the catchment are well drained and aerated; good for
cultivation as they permit crop roots to penetrate. They need fertili zers as they are often
leached. The subsistence farmers in the catchment cannot afford artificial fertilizers and,
from the results of the organic carbon percentage in the soil, few returns are made to the soil
resulting in leached soils and a high erosion rate. Clay soils in the catchment are prone to
waterlogging in wet periods and crusting in dry periods making them easily eroded as
discussed in Chapter two. Loam soils are the most ideal for agriculture as there is
sufficient clay for moisture and nutrients, sufficient sand to prevent waterlogging and
allow root penetration, and suffic ient silt to act as an adhesive to hold the clay and sand
together. In the Bruyn ' s Hill ecotope (Yc2 l) in the North of the catchment these loam y
soils currently support sugarcane and timber cultivation. The North Coas t ecotope (YaI4)
falls within a low gradient area in close proximity to the town of Verulam and has been
extensively developed into small-scale and subsistence cultivated land according to the
land use maps. These areas correspond with areas of low eros ion features according to the
SARCCUS-type map (Figure 5. 10). These variations between soils should be taken into
consideration when implementing management practices to ensure these practices
complement the soils. Practices, for example, that encourage infiltration in clay soils, need to
be monitored closely to ensure that soils do not become saturated and waterlogged as this has
adverse effects on the vegetation it supports. Additional organic matter in clay soils will help
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to improve texture and thereby encourage better drainage. Alternatively, sandy soils allow
infiltration more readily but drain very well becoming too dry to support crop growth. The
water-holding capacity can be improved by adding organic matter to help prevent leaching.
Although the natural physical and chemical composition of the soils in the catchment are
conducive to erosion, the lack of organic matter, as a result of poor land use practices, has
exacerbated the susceptibility of these soils to erosion. Organic matter strongly influences
structure, stability, fertility and the nutrients necessary for productivity. To improve the
condition of the soil , increasing organic matter within the soils is achieved in the same
manner as that described for combating rainsplash (residue and mulch practices). These
are natural practices which cost little to implement and do not negatively influence the
yield capabilities of the land . Encouraging organic matter and increasing permeability
through aeration of the soil, aids the structure of the soil and consequently soil stability by
making the removal of particles more difficult. Earthworms play an important role in the
aeration of soil and can be encouraged by ensuring fertile soil and the presence of organic
matter. Some burrowing animals, however, tend to contribute to the detachment of particles
and the delivery of loose particles to the surface. Of particular concern in the catchment are
termites , which can reduce plant cover, remove organic matter, affect aggregate stability and
bring fine material to the surface ready for transportation (Goudie, 1988). Russow & Garland
(2000) , estimated the number of mound s visible in the catchment to be 1000 to 1500
termitaria/ha (these termitaria could not be identified at the scale of the aerial photographs to
determine a more exact figure nor temporal variations). This number equates to an increase in
surface area by 550 m2/ha, and an additional 23 m3 of available erodible material per hectare.
This is an important consideration in accounting for the sedimentation. Measures to reduce
the number of termites in the catchment should form part of its management strategy. An
entomologist should be consulted in this regard, for affordable and effective management of
the termites.
It is interesting to compare the recently generated SARCCUS-type map of the catchment
(Myeza, 2002), with the extent of land use change acknowledging the limitation in the
level of resolution established in Chapter five. The information in Figure 6.2 represents
such a comparison. The highest concentration of erosional features in the centre of the




















Figure 6.2: Land use chan ge superimposed onto the SARC CUS map of the Hazelmere Catchment
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catchment corresponds well, in a spatial sense, with the area of most intense land use
change within the catchment. On this basis, it is tempt ing to infer a causal relationship .
Whil e the literature (reviewed in Chapter 2) would support this, it is important to
emphasise that erosion and the assoc iated sediment loss are multi variate processes.
Although the area in question has undergone considerab le change in land use, mainly from
grazing land to small-scale agriculture and subsistence cultivated land, it also matches the
occurrence of the argillaceo us Natal Group sandstones and basement complex sediments.
Such parent materi al is readily weathered to erodible sandy soils and dispersive clays.
Land use and vegetation cover further impacts the soil by affecting the organic content
important for the aggregation and stabili ty of soils, as well as influencing the effect of
rain splash and overland flow.
As there are at least two variables playing an interdependent role on the area of high
concentration of erosional features , a relations hip between land use change and the
incid ents of erosion features cannot be conclusively established. It is clear, however, that
land use changes on susceptible soils will contribute to the severity of the erosion features
but the inconclusiveness of the relationship can be further disputed by comparing other
areas of the catchment. High concentrations of erosio n features exist where no significant
land use change has occurred, such as the area northwest of Ndwedwe . Likewise, areas of
significant land use change occur where low concentrations of erosion features exist, such
as in the extreme north of the catchmen t (Figure 6.2). Without the knowledge of the
sediment yield from this area prior to the land use changes, the two variables cannot be
separated and the primary cause for the high concentration of the erosion features in the
area remains unfounded.
6.3. CLIMATIC INFLUENCES ON LAND USE & SEDIMENT
Precipitation in the Hazelmere Catchment region is mostly summer convecti ve storms,
which are charac terise d by their short- lived, intense rainfall events as descri bed in Chapter
three. These often result in flash floods because of the reduced time over which energy is
supplied, detachment and runoff increases and infiltratio n decreases (Beater, 1970).
Intense storms of known frequency require inclusion in management plans to control the
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energy and water reaching the surface durin g such storms (Larson et aI. , 1997). Land
management practices to dissipate energy and water on the surface include applying
residue or mulch to bare surfaces or leaving ground cover between crops, effectively
preventing large amounts of rainsplash and increasing surface roughness to encourage
infiltration (Larson et aI. , 1997). Other management practi ces, such as terraces, sediment
traps, contour strips and buffer strips, can also be used but are more costly and less
effective (Larson et aI. , 1997).
The Hazelmere Catchment is also prone to flooding caused by the perimeter effects of
tropical cyclones that lash the coast of Mozambique. Cut-off lows may also bring moist
maritime air over the land causing prolonged rainfa ll and flooding to the catchm ent region
of the North Coast. One such event in 1987 brought some 800-900 mm of rainfall to the
catchment over a five-day period, approximately equivalent to the mean annual
precipitation for this region (van Bladeren & Burger, 1989). This event follow ed that of a
convective storm, ensuring that antecedent soil mois ture levels were high, thereby
minimizing infiltration (van Bladeren & Burger, 1989). With high intensity rainfall events,
the exchange of energy to the surface results in the remova l of large quantities of sediment
carried away by the excess water flow.
It has been calcul ated, from data collected over a 132-year period, that the return period for
a serious flood event in this region is every 3.8 years (Triegaardt et aI., 1988). These
authors, however , have not defined a serio us flood event and it is therefore difficult to
determine the severity of conditions experienced, as well as to predicting potenti al erosion
values to be expected from such an event. Flood events occurring at this rate of return
require consideration in the catchment management plan, but the absence of measurements
into the extent of destruction, during and after a flood event, make suggestions for
management difficult. One important suggestion would be to keep cultivation and
infrastructure off the floodplain areas. The feasibi lity of this, however, is not realistic as
floodplains have very fertile soil conducive to high levels of productivity. The proximit y
of the tloodplain to the river also makes it an idea l location for people relying on the river
as their main source of water . Usage of the tloodplain, nevertheless, can cause substantial
loss of property and lives from a flood event. The floodplains should, therefore be left
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undisturbed, not only to minimise flood disasters, but to allow the floodpl ain to act as a
sediment trap (de Villi ers & Maharaj, 1993). If left undisturb ed the riparian vegetation
along with the low gradient of the floodpl ain will slow runoff, allowing time for infiltration
and deposition, and limiting the amount of sediment reaching the river. However, in a
survey conducted in the Mdloti Catchment after the 1987 flood , 32 % of peopl e living in
the flood prone areas indicated they would relocate back to the same area (de Villiers &
Maharaj , 1993). Forty-eight percent of the people were completely unaware of the
potential hazard of floodin g demonstrating the importance of education about flood-
dangers and the processes responsible for their occurrence . Legislation preventing
development of floodplain areas is vital and needs to be carefully explained to the affected
communities. Unfortunately, with the present land crisis, removing people from the
floodplains will require substantial compensation and incentives .
The lack of winter precipitation, coupled with relatively high winter temperatures causes
vegetation to die-off, exposing the bare soil to the elements and allowing a large quantity of
loose material to become available, by the trampling of animals and the expansion/contraction
processes. At the start of the rainy season this loose material is readily available for transport .
Low vegetation cover allows an increased rainsplash impact on the bare ground, as well as a
clear path to accumulated energy and speed, in order to transport loose sediment. Figure 6.3
(a) is a photograph taken in the catchmen t during summer. Figure 6.3 (b) is a photograph
taken in the catchment during winter. Although the areas covered by the photographs are
different they were taken in the same direction, to eliminate changes in aspect. The
photographs are useful in illustrating the extent of vegetation cover change on a seasonal
time-scale. The decrease in vegetation cover and the resulting exposure of soil in the dry
winter months allows for intensified sheet and rill erosion at the onset of the summer rainfall.
The low summer evaporation rate and high rainfall, reported in Chapter three, leads to high
antecedent moisture conditions in the soil, which adds weight to the slopes, causing added
stress that has the potential to cause mass movement. High antecedent moisture conditions
decrease the chance of further infiltration as the soil remains close to saturation, consequently
increasing runoff rates.
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a) Summer months in the Hazelm ere Catchment
b) Winter mo nths in the Hazelmere Catchment
Figure 6.3: Seasonal changes in vegetation cover in the Hazelmere Catchment
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The temperature changes experienced in the catchment fluctuate from daily minimums of
approximately 11 °C to daily maximums of 22°C, sufficient to cause expansion and
contraction of aggregates and rock fragments on a daily basis (Renard et al. , 1991). A
similar phenomenon, shrink and swell, occurs in clay soils as a result of absorbing water
and drying out (Schulze et al., 1995). This continuous action results in the detachment of
soil particles from their aggregate structure. In addition, cracks that occur within exposed
parent material as a result of expansion and contraction, allow chemical weathering to take
place . Chemical weathering, in turn , is responsible for the formation of soil. Valuable
minerals are released with weathering of parent material , increasing the fertility of the soil
(Renard et al., 1991). With the extent of soil material removed and the high agricultural
demand on the soil in the catchment, this increase in the fertility of the soil is important to
sustain the producti vity of the land. The effective management of this runoff water and
maintenance of adequate vegetation cover can minimise the effect of climate on erosion,
by reducing the effect of splash erosion and encouraging infiltration.
The characteristics of climate in the catchment are naturally conducive to high erosion
rates. Fluctuations in temperature, seasonal rainfall and high intensity rainfall cause
detachment of soil particles through expansion/co ntraction processes, rainsplash and
exposure of the soil as a result of the vegetation loss during the dry winter months . The
large amounts of precipitation provide the medium needed to transport the detached
particles. The type of land use and changes therein determin es the amount and type of
vegetation cover that magnifies the effect of climate through the exposure of bare soil to
rainsplash and affecting soil stability reducing infiltration.
6.4. SLOPE INFLUENCES ON SEDIMENT & LAND USE
The relief of the catchment was described in Chapter three as rugged, with sheer cliffs in
the upper catchment, and rolling hills in the lower catchment. From the percentage slope
represented in Figure 3.5 p. 35), it was possible to calculate that two third s of the
catchment has slopes greater than ten percent, and one fifth greater than 20%. Given
Russell ' s (1998a) findings that the steeper and longer the slope, the higher the velocity of
runoff water indicating that there is the possibility for substantial losses of soil in the
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catchment. The extent of erosion features illustrated in Figure 5.10 and the observation in
the field of slip scars and gully erosion confirm that the steep slopes in the study area have
contributed considerably to the loss of soil. Measurements by Russell (199 8a) concluded
that the capacity for runoff to transport sediment is five times the velocity, which in turn is
the square root of the percentage slope (Russell, 1998a). For example, should the gradient
of the slope change such that the veloci ty of runoff doubles, the transportive power would
increase 32 times (Russell , 1998a). The change in slope by cut-fill platforms for dwellings
and road construction or the levelling of ground for planting crops, increases the velocity
of runoff downslope of the constructi on and therefore the capacity of the runoff to carry
away loose particles. The continuous land use changes occurring on the slopes in the
catchment also tend to destabilise the slopes triggering erosion and mass movement
processes. Management plans should include practices that divide up the slopes, shorten
the length so as to slow runoff flow and encourage infiltration. Terracing or tillage
practices are both methods that can be used on slopes to shorten the slope and to level the
gradient of the area used for cultivation (Russell, 1998a & b). Such practices are
expensive to implement and require a loss of land currently produ ctive. Although the
rewards are considerable, convincing the farmers that the loss of land to conservation is
necessary to increase productivity is the challenge. Intensive education programs and
incentives are needed to ensure co-op eration with the implementation of these conservation
practic es.
Figure 3.6 p. 36) reflects the aspect of the slopes in the Hazelmere Catchment. As the
aspect of the slope influences soil moisture conditions, the more direct the sun's rays, the
more evaporation that occurs. Increased evaporation reduces the availability of water for
plant s which, in turn , lowers the vege tation cover and results in reduced time for
infiltration and, therefore , more runoff (Tiffen et al. , 1994). Aspect should be considered
in the management of different slopes and the types of vege tation necessary under the
different conditions. For example, housing should be encouraged on the drier north -facing
slopes while cultivation is better on the cooler south-fac ing slopes.
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6.5. SOCIO-ECONOMIC INFLUENCES ON LAND USE
The socio-economic status of inhabitants in the catchmen t influences the way in which the
land is used and managed. In the subsistence fanning areas, the size of the famil y
determines the intensity at which the land is used to sustain their livelihoods. By contrast,
the commercial fanning intensity is determined by consumer demand for the produce.
Changes in intensity will have cumulative effects on land use and sedime nt yield. Change
in population size in the catchment is an indicator of the intensity of subsistence land use.
The results of the population counts showed a remarkable increase in numbers between
1978 and 1989 (Table 5.3). The significance of such population increases to the impact on
sediment yield is due to the removal of vegetation and the disruption of soil in the
construction of dwellings and preparation of fields. The intensity at which the natural
resources, such as wood used for their dwellings and as fuel for cooking and warmth, are
used also increases as demographic pressures accelerate , trans lating into degradation from
overuse and mismanagement (Clay et al. , 1994). A study of a similar sudden increase in
population in the Mfolozi Catchment , north of the Mdlo ti Catchment showed that
modifications in land use exacerbated soil loss greater than variations in intensity (Watson,
1993). This observation was shown by Wolman's (1967) theoretical diagram illustrating
the relationship between land use developments and sediment yield (Figure 2.1, p. 11 ).
Such an increase in population size within a confined area , as seen by the population
figures for 1985 and 1991 (Table 5.2), implies that land subdivision is required, thereby
decreasing fann sizes and increasing intensity of use. Dividing of farmland causes
fragmentation of the landscape and forces the use of unsuitab le areas such as steep slopes
and marginal land for cultivation (Clay et aI., 1994). As farm size decreases greater care is
needed to sustain long-term productivity through the use of conserva tion practices .
The changes in political policies in South Africa, particularly those that have allowed free
movement of people, have resulted in expanding urbanisat ion. Since 1990, 2.8 milli on
people have moved from rural to urban areas countrywide, increasi ng runoff, polluti on,
and construction disturbances (Gardiner & Archibald, 1992; Coleman & Simpson, 1996).
Although the population within the Hazelmere Catchment has decreased by approximately
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173 921 people from 1991 to 1996 (Table 5.2) , the area nearest to the dam and which is in
close proximity to Verulam is increasing. This evidence of expanding urbanisation leads
to a serious concern for future management of the resources in the area. Although the
trend of rapid urbanisation may appear to mean more concrete and less bare soil , results
from urbanisation show sediment yields increase in the order of 100 - 250 times that of
rural areas. This increase in sediment yield in urban areas is as a consequence of the
denudation of sites and the upsetting of natural drainage networks during and after periods
of development (Viessman et aI., 1989). Thus, the growth of Verulam and Ndwedwe in
the Hazelmere Catchment is of concern to the siltation issue. The peak illustrating
sediment yield from construction in Figure 2.1 p. 11) will continue to peak as construction
frequency increases so much so that the landscape does not have time to adjust before the
next construction site commences. Management of future major centre locations and their
layout needs to be undertaken in order to avoid future erosional problems.
Human kind consists of many cultures and traditions that influence land use decisions and
practices. The local people of the Hazelmere Catchment have some impacting social
behaviours including the clearing of vegetation on a cut and fill platform for building their
dwellings. The area immediately around the dwelling remains clear of vegetation leaving the
compacted bare soil exposed. Previously, their dwellings had thatch roofing. This is now
being replaced by corrugated iron without gutters. Whereas the thatch roof absorbed the rain
the change to corrugated iron without gutters increases rainsplash erosion on the bare soil
surrounding the dwelling. By attaching gutters to catch the water running off the roof it
would be possible to prevent this erosion of the soil thereby eliminating possible instability of
the slope and the potential danger of the dwelling collapsing. Storing the water caught by the
gutter could be used to supply water for the family, which would otherwise require fetching
from the river channel. Figure 6.4 shows a typical hillside in the catchment with dwellings set
on bare cut and fill platforms without any stabilising structures. Another traditional practice is
the burning of vegetation in the winter to encourage new growth. In a study by Watson
(1984) it was observed that burning had no substantial effect on storm water runoff or
sediment supply to the stream, however the continued use of these burnt fields for grazing
prevents the re-establishment of vegetation resulting in impacts of overgrazing. The time of
burning also plays a significant role in its effect on the sediment supply. Provided vegetation
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has established itself before the first rains of the wet season there is little concem of increased
sediment supply. However, should the ground remain exposed at the start of the rainy season
rainsplash will detach a large number of particles as there is little to bind to and
expansion/contraction processes during winter have left particles detached, ready for removal
by flowing water.
Figure 6.4: A typical hillside in the catchment showing the distribution of dwe llings.
6.6. SUMMARY
The natural characteristics of the catchment presented above predispose to this area being
susceptible to high erosion rates. Steep slopes, intense rainfall as well as the sandy and
dispersive clay textured soils arc all conducive to sediment removal. The interdependency
of these natural characteristics and land use, however, have a combined effect directly and
indirectly on the sediment accumulation in the dam . The reduction in ground cover,
organic matter and nutrients in the soil as well as the steepening of slopes during
construction all exacerbate the removal of sediment. Although land use cannot be held
solely responsible for high rate of the sedimentation of the dam, when combined with the
naturally occurring characteristics in the catchment, its contribution could be considerable.
CHAPTER 7
OTHER CONTRIBUTIONS TO THE SEDIMENTATION
RATE
Other contributions to the sediment yields in the Mdloti Catchment are discussed in this
chapter, in particular those from sand mining operations and roads. Their inclu sion is
relevant to the aim of this research which is to provide a full investigation of the extent to
which sedimentation within the Hazelmere dam can be attributed to land use change. An
examination of the findin gs and concerns of previous studies in the Mdloti Catchment echo
observations made durin g field surveys (Currie, 1997; Walker, 1999; Russow & Garland,
2000) . Consideration of these other contributions to the sediment yield is necessary to
highli ght other factors contributing to the cause of sedimentation in the dam, for the
developm ent of an ICM strategy for the catchme nt (objective 7, p. 4).
7.1. SEDIMENT CONTRIBUTIONS FROM SAND MINING
Sand mining or 'winning' is the extraction of fine sand, from in or near to the channel. The
Minerals Act 50 of 1991 and the Department of Minerals and Energy (DME) control the
mining of watercourses in South Africa. The environmental impacts of such practices on the
morphology and hydraulics of the river and surrounding areas is cause for concern by many
environmental researchers (eg: Jacobson, 1997; Hartfield, 1997; Walker, 1999). The complex
nature of operations in the catchment and the river channel coupled with poor collection of
monitoring data makes it is difficult to prove that the exact cause of changes in fluvial
processes are related to sand mining. Jacobson (1997) and Hartfield (1997) highlight that,
with the inevitable altering of the sediment budget, a subsequent altering of channel geometry
and hydraulics are to be expected. The extent of fluvial changes is dependent on magnitude
and frequency of mining, mining methods, particle size characteristics of sediment load,
riparian vegetation and hydrological events after mining activities. In addition, temporal and
spatial responses can vary because of thresholds, feedbacks, lags, upstream/downstream
transmission disturbances and physiographic controls thus causing delayed responses that
may become unnoticed by short-term studies. Such studies were, therefore, not undertaken
but Walker 's (1999) research provides some important considerations discussed below. Also
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important, yet not significant to the Hazelmere sub-catchment due to its proximity inland, but
rather for the Mdloti Catchment is that of beach erosion as a result of sand mining (Dunn,
1997).
Two sites upstream of the Hazelmere Dam have been extensively used for sand mining ((a)
and (b) in Figure 7.1). The first (a) is situated approximately one kilometre from the dam wall
and the other (b) is a few kilometres upstream, at a shallow, wider stretch of the river. A
decrease in the gradient upstream of site (b) has resulted in a slower flow causing deposition
of sediment to accumulate at (b). Of particular concern in the discussion of sedimentation is
the disturbance of the channel sediment at site (a). The proximity to the dam from this site
would not allow, under most circumstances, the time necessary for deposition of the disturbed
particles to take place before entering the dam, contributing to the sedimentation of the dam.
Walker (1999) studied the sand mining operations in the Mdloti Catchment and sectioned the
negative environmental impacts of sand mining into primary, secondary and cumulative
impacts for each activity involved in the operation. A complex chart of these inter-
relationships is given in Figure 7.2. The primary impacts include: damage to vegetation,
compaction of soils, formation of runoff channels along tracks, increased silt load, spillage of
fuels, dust and noise pollution. Secondary impacts are namely: damage to soil, soil erosion,
channel bank and bed erosion , damage to aquatic and terrestrial habitats, a decrease in water
quality, cost of rehabilitation and aesthetic damage. Cumulative damages occur to property,
decreasing land use potential and degrading sensitive environments. Health risks increase
creating a negative recreational value of the river.
For the Mdloti Catchment, specific evidence of some of the above environmental impacts
observed by the author and illustrated by the figures from Walker (1999) are reproduced
below. Figure 7.3 shows erosion of the channel banks at mining sites as a result of damage
to vegetation and soil stability. The damage to vegetation decreases its ability to bind soil
and decreases the protection of the riverbanklbed promoting erosion of the riverbank or
floodplain. Soil erosion subsequently impacts on the land use potential as well as the water
quality. Figure 7.4 indicates, through the exposure of the bridge foundations, that scouring
of the channel bed has occurred upstream of a sand mining site.
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Figure 7.3: Stream bank erosion due to sand mining operations (Walker, 1999)
Figure 7.4: Streambed erosion exposing the bridge foundations (Walker, 1999)
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Although this is not necessarily solely a cause of sand mining, changes to the channel
gradient, velocity of flow and sediment budget brought on by sand mining practices leads
to scouring of the channel bed . Complete exposure of the foundations incurs expensive
structural alterations necessary for the bridge to remain stable and functional.
Figure 7.5 shows the removal of bank vegetation for an access road for sand trucks. The
compaction and disaggregation by the heavy vehicles on the road as well as the lack of
drainage structures ensures direct runoff from the roads into the river. Finally, Figure 7.6
shows sand mining site (a), in Figure 7.1, in both its active state (a) and once operations had
been abandoned (b). Evidently little rehabilitation has taken place at this site. In an
investigation of compliance to the Minerals Act in the catchment it was observed that many
environmental laws have been ignored both during operation and after use has been stopped .
Transgressions of the act at site (a) include: the proximity of stock piles to the flowing water,
the height of stock piles «1.5 m), the failure to flatten these piles after use and the
rehabilitation of disturbed vegetation. The consequences of a lack of vegetation to the
sediment yield have been discussed at length in the research (section 2.1 and 6.1). Exceeding
the proximity and height limitations of the stockpiles causes sand to wash back into the river
as a result of collapse, precipitation or a rise in streamflow onto the floodplain. Particles could
also be carried by wind and deposited in the river or elsewhere causing numerous other
concerning consequences, such as burying and sandblasting vegetation implicating on crop
productivity. Interference of the flow of water has also occurred at the site through the
widening of channel and by damming water in the catchment. Changing the morphology of
the channel alters the flow rate and sediment budget causing deposition at the site ideal for
collection of sand but also causes an increase in scouring of the channel upstream to counter
balance the change in the budget. Another management concern evident at this site is the
cattle grazing on the newly established vegetation. Agricultural land users should keep their
cattle away from riparian zones at least until vegetation is properly established. Ideally cattle
should be kept out of riparian zones permanently as this vegetation is important in filtering
out sediment and other matter before it enters the river channel.
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Figure 7.5: The proximity of access roads used by sand mining vehicles to the river
channel (Wa lker, 1999)
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a) The extraction stage
b) The abandoned site
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Figure 7.6 : A sand mining site during the extraction stage and after the termination of
operations (Walker, 1999)
An on-going debate exists between the Department of Water Affairs and Forestry (DWAF)
and Department of Minerals and Energy (OME), over whether the negative environmental
impacts are significant enough to outweigh the socio-economic advantages of sand mining
in the catchment. This provides evidence of the complexity of the environment and the
difficulty in its management, exacerbated by the lack of co-operative governments in South
Africa (Karar, 200 I). Should the operation s be strictly monitored and the legislation
adhered to, then the socio-economic advantages should outweigh the negative
environmental impacts. The lack of law enforcement and evidence given above of river
channel scouring, riverb ank widening, changing the flow velocity and vegetation
disturbance from the riverbank clearly show that the sand mining operations are having a
negative impact on the catchment. It may, therefore, be inferred that the sediment derived
from these areas will ultimately be trapped in the dam, contributing to the siltation of the
Hazelmere Dam. The rate at which the siltation from sand mining operations occurs has
not yet been establi shed. The Mdloti Catchment has a sediment yield of approximately
180 000 m' /m and given correct processing 100 000 m3/rn extraction yield could easily be
sustained reducing the sedimentation rate of the Hazelmere Dam (Walker, 1999). The
labour needed to monitor such a small mining sector is, however, not available and offers
by Umgeni Water to police the operations in the Mdloti Catchment were refused by the
DME without reason (Karar, 200 1). Until such time as environmental degradation
resulting from sand mining is resolved, these practices will continue to contribute sediment
to the river, disturbed settled particl es and increase the rate of sedimentation in the dam.
7.2. SEDIMENT CONTRIBUTIONS FROM ROADS & FOOTPATHS
Many of the local inhabitants are reliant on public transport to access places of
employment and commodities. Consequentially, the road network has spread extensively
to provide close access to many homesteads. The extent of the road network can be seen in
Figure 7.1. Many of these gravel roads were created between 1970 and 1989, evident
through the comparison of 1:50 000 topographic map sheets, prior to the abolishment of
the ' homelands ' and apartheid laws. The consequential lack of government investment has
seen many construction considerations being overlooked. Such considerations include: the
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rehabilitation of road cuttings to re-stabilise the steepened slope, road drainage systems
and the maintenance of such system s. The lack of effective drainage systems and
maintenance is apparent from the arra y of rill and gully systems along the side of roads.
Heavy vehicles, such as overloaded taxi s, buses and sugarcane trucks, are the main users of
these roads. Although traffic is light in term s of the number of vehicles, as a result of the
socio-economic nature of the people inhabiting the catchment, the roads are not designed
for the weight of these vehicles. These vehicles are responsible for removing sediment or
compacting soils under the tyres forming two concave strips running the length of the slope
ultimately creating a channel of least friction for water to flow, producing high sediment
output (Zieger et al. , 2000).
Russow and Garland (2000) carried out monitoring of road related erosion sites in the
catchment estimating sediment production of such systems . Such sites are illustrated on
Figure 7.1 p. 113) as (1) and (2) respectively. The first site, (Figure 7.1 (1)) a road cutting
covering a slope 240 m long and designed at a grad ient of 30 % was not re-vegetated or
stabilised. The cutting is now riddled with deep rill s and gullies along the length of the
slope (Figure 7.7). Down slope, a large gully (500 m long, 20 m deep and between 1 and
20 m wide from top to base) has formed as a conseq uence of sediment from the cutting
choking the culverts (Figure 7.8) . In a comparison with descriptions and photographs of
this system by Currie in 1997, and in 2000 from observations undertaken during field
surveys by the author, the gull y sys tem had grown headward by approx imately five metres.
Volumetric detenninations of this change in eroded area account for a further 1000 rrr' of
sediment entering the sys tem in 3 years. Russow and Garland (2000) made another
significant comparison from aerial photographs taken in 1989, seven years prior to their
investigation. A 50 m headward growth was calculated for the period between 1989 and
1997. These two observations indicate that the gully is still active and growing headward at
an accelerated rate, urgentl y requiring control. An estimated soil loss from this system alone
is calculated at 24000 rrr' by 1997 together with a further 5400 m3 loss from the road cutting.
a) The extensive 240 m road cutting riddled
with rill and gully systems caused from a lack
of re-stabi lising the slope after construction
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b) A close-up of one of the
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Figure 7.7: The rill and gully erosion systems of an unvegetated road cutting at ( I) in
Figure 7.1 p. 113.
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a) The 500 m long gully downslope of the
road cutting seen in the previous figure.
The river is visible in the distance
indicating the distance material
from the gully travels to the river.
b) The head of the gully , 20 m deep.
The lighter sediment is material
removed from the gravel road above.
Figure 7.8: A gully formed from a chocked culvert on the road side as a result of the
erosion from the unvege tated road cutting in Figure 7.7
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At the second site observed (Figure 7.1 (2)), formed also as a result of poor culvert
maintenance, attempts were made to remedy the problem in the past by placing rock debris
in the roadside rill and the erection of a gabion at the head of a large gully system (Figure
7.9). Although the debris has prevented a deepening of the system, energy has been
transferred to eroding the walls. The debris added to the system to slow the flow also adds
more sediment to the system (Zieger et al., 2000). The gabion has since collapsed and the
system has continued to grow rapidly. Without regular monitoring and maintenance of
structures, stability cannot be reached and the system remains active, removing large
quantities of sediment. Although these sediment yields appear to be significant their
contribution is only a fraction of the 6 million rrr' of sediment that has accumulated in the
dam since its establishment. This indicates the involvement by other contributors.
In much the same way as road networks have been created to provide access, so too have
footpaths been developed by people from their homes to gain access to the main transport
routes and to the river for the daily collection of water. Animals also create tracks from the
fields where they graze to nearby watering points. Footpaths and tracks are detrimental to the
increase of erosion as they act as a channel along which water flows with reduced friction,
resulting in accelerated velocity and additional erosive energy to pick up greater quantities of
loose sediment. These paths become sealed and the soil compacted by the constant pounding
of feet and hooves, which prevents infiltration and increases runoff. Larger gully systems are
not related to these paths as with roads, but the extent of their erosional contribution is evident
by the exposure of vegetation roots alongside the path and the depth of the path. Little can be
done to avoid footpaths until better road networks and more basic services are provided
thereby halting the need for people to collect water from the river and firewood. Education on
the impact of footpaths on the productivity of the land could bring about awareness and the
use of fewer paths. The maintenance of the existing paths is needed to encourage the water to
run off the path rather than along its length.
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a) The collapsed gabion at what was the headwall of the gully. Further deepening
upstream of the gabion has taken place since the introduction of the gabion .
b) The debris packed into
gully to prevent deepening
upstream of (a).
Figure 7.9: A roadside gully system formed as a result of poor road drainage design layout
(2) in Figure 7.1 p. 11 3
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The independent study of these two land uses in the catchment afforded their exclusion
from the investigation of land use of this research as their contributing sediment yields are
already know n. Their inclusion here to determine the overa ll contributions of land use is
necessary for the holistic understanding of activities contributing to the sedimentatio n of




The sedimentation problem experienced in the Hazelmere Darn has complex interrelated
consequences on the social, political, economic and environmental aspects of the
catchment. The environmental consequences, often overshadowed by the social, political
and economic consequences, include the declin e in plant and animal diversity in the river
and on the land as a result of changes to their habitat conditions. Such changes have
ensuing effect s for the entire ecosys tem. For example, sediment deposition in the river
covers the spawning sites of fish thereby reducing suitable areas for laying eggs and the
survival of those eggs. This in turn lowers the population of fish in the river and
consequently the decline in the populati on of predator species feeding on these fish .
The association of micro- organi sms with the sediment also has environmental
consequences to the health of the ecosys tem, which translates into interrelated social,
political and economic consequences for the catchment. Micro-organi sms can cause
waterborne diseases such as cholera and bilharzia. As a result of the socio-political status
of the catchment's inhabitants they are reliant on the untreated river water, which has led to
cholera outbreaks being endemic in this region. The costs of treating unsafe turbid water
from this darn have escalated but are necessary to eliminate sediment and associated micro-
organisms in order to produce safe water for consumption. This in turn increases the cost
of supplying safe drinking water to all as is required by the National Water Act 36 of 1998
for South Africa . Although the provision of piped water to these formerly disadvantaged
communities would aid in alleviating the present health crisis and ultimately the costs of
water treatment, this takes time and money. Therefore serious consideration is needed in
the management of the catchment to develop an interim measure for reducing the health
concern. Further research to develop artificial wetlands (or rehabilitate existing degraded
ones) in order to purify water discharge before it enters the mainstream flow would be
beneficial. Education programs to improve sanitation and purificati on of water could also
aid in temporarily salvaging an adequate level of health in the system.
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A second economic consequence emanating from the high sedimentation rate of the
Hazelmere Dam is the loss of storage capacity. This comes at a time when water is
considered a scarce commodity both in South Africa and globally. The demand for water
is at its peak as a result of global population growth and industrial expansion as well as the
increased demand in South Africa to supply piped water to previously disadvantaged
communities according to the National Water Act 36 of 1998. This increase in demand
incurs costs to increase the number of storage facilities and to maintain the storage capacity
of existing impoundments. The loss of storage capacity in the Hazelmere Dam can only be
extended by a large capital outlay to either raise the wall of the dam or to dredge the
deposited sediment from the floor of the dam. These processes will, however, only slow
the present rate of sedimentation and prolonging the inevitable. More expense will be
needed for alterative storage facilities to meet the supply demand. In the short term the use
of sediment traps and weirs along the course of the river could be beneficial in retaining
sediment before it reaches the dam, as well as providing sand mining sites which would not
disrupt the natural sediment budget of the stream system, yet meet the socio-economic
needs of the community. Unless efforts are concentrated on determining the causes of
sediment removal, transport and delivery, the problem will persist. In accordance with this
reasoning, the present study was undertaken to investigate land use as a cause for the high
sedimentation rate in the Hazelmere Catchment
8.1. CONCLUSIONS OF THE RESEARCH
The research presented aimed to investigate the extent to which sedimentation within an
impoundment can be attributed to land use change. Although the full extent of the
contributions from land use could not be comprehensively calculated due to a lack of past
data and the interlinked nature of forces active on the sediment, a number of changes and
trends were found. The dominant change in land use in the catchment from subsistence
grazing to small-scale agriculture and subsistence cultivation can, according to literature
reviewed in Chapter two, increase sediment yields by up to 900 %, from an estimated 0.06
t/ha to 0.6 t/ha. This statistically significant change in land use also coincided with areas of
intense erosion features and periods of high suspended sediment values in the river. In
contrast, the seasonal variation in suspended sediment values in the river indicates the
association with precipitation while the erosion features coincide with highly erodible
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sandy soils. The erosivity of precipitation and the level of soil erodibility are further
affected by vegetation cover, either in the prevention of rainsplash and overland flow or in
soil fertility and aggregate stability. Regardless of how land use is viewed, it is a
contributor to the sedimentation problem either as a direct implication on sediment yields
from the land or as an indirect implication on other interrelated forces involved in sediment
removal. Thus, it can be concluded that land use plays a definite part in the availability,
removal, transport and delivery of sediment to the dam. Without further research of these
interrelationships a direct analysis of the contribution of land use to sediment yields in the
dam cannot, however, be calculated. It is, therefore, recommended that a multidisciplinary
approach to management of the catchment as a whole be considered, such as is afforded by
the Integrated Catchment Management (ICM) approach .
Eight objectives set out in the introduction were deemed necessary to achieve the aim of
the research. It is necessary, therefore, to determine the extent to which these objectives
have been dealt with, summarising the research. An extensive literature review, in Chapter
two, identified interrelated processes responsible for availability of sediment and its
transport downslope namely: erosivity of precipitation, soil erodibility, slope length and
slope angle as well as the role played by vegetation cover and conservation practices.
Influences that govern land uses were identified as the socio-economic and socio-political
status of the inhabitants, the past land uses and availability of crop requirements. Estimates
of sediment yields that can be expected from different land use and from changes between
different land uses is also given in the chapter. A discussion of the processes responsible
for removal and transport of sediment both on land and in the river is given to further the
understanding of the causes for the sedimentation problem. A section (2.6) was also
included in Chapter two defining the ICM process , its basic principles and its future role in
land and water management in South Africa . A history of local and international ICM
approaches identifies shortcomings to be aware of in the development of an approach for
this catchment. The potential of GIS and its applied role in ICM and land management was
discussed in Section 2.7. Particular mention is made of the time-series capabilities of GIS
to determine change and the analytical capabilities necessary for decision-making and
education, as well as the predictive capabilities of modelling management approaches to
eliminate failure in reality. Chapter three describe s the catchment according to the
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physical characteristics and socio-political and socio-economic status of the inhabitants
that interact to provide a unique environment. Chapters two and three meet the
requirements of objective two in affording the holistic understanding of all components in
the catchment necessary for research of this kind .
Objectives three to five pertain to the methods employed in creating the land use maps and
the analysis of results that have been met by Chapters four and five. A review of global
structural aids, designed by Africo ver, FAO and UNEP in 1996, for developing
classification systems was undertaken to ensure global standards were adhered to. These
structural aids are also employed in the CSIR land cover database for South Africa
ensuring compatibility with national systems. The scale of classification was defined by
the availability and affordability of remote sensing imagery. An account of the techniques
employed by the GIS in the development of the three land use maps is given in Chapter
four. The tracing method of geo-correcting the distortion from the aerial photographs, the
digitising process, the projection of the map to calculate area, the editing processes, error
management and statistical testing to determine the accuracy of the map were methods
undertaken to produce the land use maps. A time-series analysis calculated the percentage
area of each land use occupied. A compari son of the area under each land use through time
showed the change that had taken place. The results were statisticall y tested for significant
change using the chi-squared test. A map of land use change was also produced by
subtracting the 1996 land use map from the 1989 map to show areas that underwent
significant change, according to the chi-squared test. This map was overlaid with a map
showing erosion feature s to determine the association between land use change and the
occurrence of erosion feature s (objective 6). This association and the integrated
relationships between forces and processes identified in the catchment are discu ssed in
Chapter six to meet the aim of the research as described above.
Chapter seven identified roadside erosion, footpath erosion and sand mining as other land
uses contributing to the sedimentation rate of the Hazelmere Dam. These land uses have
however been extensively researched and their contributing sediment yields known. It was
therefore not necessary to include these in the classification system for determination on
the land use maps but to be of aware their additional contribution in determining the
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overall contribution by land uses. This meets with the requirements set out in objective
seven . Objective eight requires that recommendations and scope for further research be
discussed. Although recommendations have been made in the discussion these need a more
comprehensive discussion, which is given below.
8.2. RECOMMENDATIONS & FURTHER RESEARCH
Various conservation practices that are used in the mitigation of erosion are based broadly
on covering the soil, protecting it from raindrop impacts, increasing the infiltration
capacity of the soil, reducing runoff, improving the aggregate stability of the soil and
increasing surface roughness to reduce velocity of runoff and wind. The conservation
measures required ultimately depend on whether transport and/or detachment are the major
problems. In the case of the Hazelmere Catchment the climatic characteristics assure that a
large amount of water is available for the transportation of sediment while the steep slopes
and low organic matter of the soil indicates the problem of detachment. It is therefore
advised that no single measure is wholly effective and measures must be combined in an
integrated soil conservation system, such as an ICM strategy. The role of plant cover is
effective and cost-efficient in reducing sediment removal while physically altering fields to
control water movement, either by reducing the velocity of runoff or increasing water
storage capacity, initially disturbs the land (Morgan, 1979). Measures for the catchment
must be easily implemented into existing farming systems. Costs to install and maintain
measures as well as specific equipment requirements must be kept to a minimum due to the
lack of capital available from subsistence, small-scale farmers to invest in conservation.
Provided the conservation practices are well designed and implemented correctly, all
practices are effective in combating some part of the sedimentation problem.
In small-scale agriculture and subsistence cultivation, where fertilizers and irrigation
cannot be afforded, it is important that the land be rested to rejuvenate nutrient and water
losses yet this is unlikely from a socio-economic perspective. Rotational cropping and
multi-cropping are two alternative conservation practices that can readily be encouraged as
they are historically traditional in the catchment as well as inexpensive to implement.
The natural undulating nature of the relief in the catchment has been shown to be
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problematic and agricultural measures, such as shortening the slope length by contour
bunds or strip cropping, are required. For such conserva tion practices to be implem ented,
a percentage of land area is lost in order for long-term increases in productivity and
turnover. This loss of land is a major problem facing soil conserva tion as both the
commercial and subsistence farmers want a maximum crop yield from their land . For
subsistence farmers soil conservation initiatives require an initial loss of productive land,
therefore, incentives such as subsidies may be required.
To prevent overgrazing, fodder crops should be encouraged; particularly for winter-feeding
when the vegetation is minimal and burning practices take place (Tiffen et aI., 1994).
Animals should be kept from foraging on the new shoots following a bum in order to give
the vegetation time to re-establish. Grazing areasshould also be rotated rather than animals
being left to roam freely. This would then allow areas to rejuvenate without continuous
trampling.
In terms of general agricultural practices the Conservation of Agricultural Resources Act
43 of 1983 states that it is the obligation of the land user to combat and prevent soil
erosion, protect water sources and protect natural vegetation whilst combating alien
vegetation (Matti son, 1998). In fact the consequences of erosion from one land user
impacts both present and future users, through the depletion of resources. It should,
therefore, be the responsibility of all to ensure the sustainability of our natural resources as
is recommended by the ICM approach. Where land users do not have the financial or
technical assistance they should be supported by all stakeholders involved as consequences
will ultimately impact on them. Although the Department of Agriculture provides land
users with financial and techni cal assistance gaining access to these can be difficult and
time consuming.
Given these suggestions for management practices best suited to dealing with catchment
specific issues such as steep slopes and bare ground their contribution to an ICM strategy
depends on the land users' acceptance of these ideas. Changing farming techniques and
convincing the fanner of the need to decrease productive land to make way for conservation
structures is the ultimate challenge in the plan. Managing the population is a difficult task as
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each person has ideas as to the management of the land depending on their own experiences,
level of education and personal requirements. Provision of education facilities will increase
their knowledge of the land encouraging correct farming procedures that will ensure greater
productivity for the small-scale and subsistence farmer. Skills training and education
empower people increasing their chance of employment, reducing the population in the area
and ultimately the intensity ofland use. Addressing the needs of the people and providing the
knowledge necessary to influence their needs is the first step in the plan. Staff at Umgeni
Water have established a catchment forum, involving specialist parties, the local community,
govemment and research teams (Karar, 2001). Swapping of ideas, concerns and potential
solutions for the agreement by all is an essential start to improvements in the catchment. The
identification in this research of problems in land use practices, concerns of land use intensity
and change has been made, as have possible practices. This forum now needs to discuss these
issues and suggestions and address these in the most cost effective and user-friendly way
complying with all stakeholders needs. Managing and educating the people in the catchment
as well as listening to their perceptions and ideas can solve many problems . An appraisal of
these perceptions and ideas in the catchment could change the recommendations given above,
but it is vital that the land users are supportive of the practices being suggested for the success
of their implementation and management. Some essential conservation practices may need to
be encouraged in terms of subsidies and incentives for implementation.
In terms of contributing towards the development of lCM strategies this research can be
assessed by the five basic principles for a successful lCM. This research has identified the
individual components of the catchment and their linkages with each other as is required
for the systems approach. Some principle issues have been identified and researched to
examine the extent of their importance in the management of the catchment as is required
by the integrated approach. These issues still need to be agreed upon by the stakeholders in
the catchment forum to ensure common objectives are established and that all stakeholders
concerns are acknowledged. The stakeholders approach also needs to be addressed by the
catchment forum to be sure that the public participates in the decision-making. The
partnership approach ensures that the responsibility of the common objectives is
distributed to all stakeholders. This will ensure that each stakeholder is accountable for
meeting the objectives set out in the ICM. The objective should be to find a balanced
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management approach between economic development and resource protection while
meeting social expectations. This research has shown the need to consider the environment
as well as the social, political and economic consequences of land use.
This research has gone a long way toward providing a description of factors influencing
the sedimentation rates in the catchment; towards understanding the processes acting on
these factors as well as towards determining relationships between factors and processes.
The interdependency of factors made it difficult to extract the one factor of land use to
determine its individual contribution to sedimentation rates, however its relationship with
other factors and processes has been considered. Land use change and practices in
combination with the natural characteristics of the catchment can therefore confidently be
held largely responsible for the high sedimentation rates. The knowledge of relationships
and processes can be used in the setting up of an ICM strategy. This ICM strategy can only
be applied once communication and co-operation with the community and other
stakeholders, such as Umgeni Water, DWAF and DME, has occurred.
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Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual Mean
1989 8.6 55.7 18.2 16.1 6.2 3.1 3.8 2.5 2.1 2.9 9.7 16.9 12.2
1990 5.2 5.0 15.7 9.3 4.6 3.0 2.6 3.4 3.2 5.4 3.1 14.9 6.3
1991 9.6 19.4 18.5 9.2 5.7 3.7 3.2 2.4 3.2 5.9 8.4 4.8 7.8
1992 5.1 2.9 2.3 1.7 0.8 1.0 1.1 1.2 1.3 1.7 1.4 1.4 1.8
1993 1.7 2.0 1.2 0.8 0.7 0.6 0.8 0.7 2.6 6.6 3.2 82.3 8.6
1994 13.0 2.6 5.9 - - - - - - - - - 1.8
1995 0.9 0.4 2.2 5.7 9.0 4.5 1.9 1.2 0.8 2.0 2.6 46.9 6.5
1996 31.8 28.8 16.5 6.3 3.7 2.6 10.8 3.7 2.4 3.3 3.3 2.9 9.7
Monthly 9.2 13.3 8.6 5.4 3.4 2.3 2.8 1.9 2.0 3.9 4.5 20.7Mean
APPENDICES
SUSPENDED SEDIMENT (mgll) DATA PROVIDED BY UMGENI WATER
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual Mean
1989 82.8 423.0 121.9 33.5 25.2 20.3 34.0 7.2 10.8 31.2 21.8 148.0 80.0
1990 96.4 128.7 245.2 111.9 44.1 13.4 18.5 41.1 23:1 9.8 440.3 22.0 99.5
1991 125.8 68.6 628.8 33.2 45.1 10.5 12.8 7.6 41.6 34.0 . 148.2 66.5 101.9
1992 142.1 42.9 40.7 45.0 23.8 32.2 30.4 70.9 56.0 69.3 324 .5 66.5 78.7
1993 58.3 96.3 71.1 110.1 39.4 51.9 437.1 125.8 434.1 155.9 75.8 258.8 159.5
1994 117.0 40.2 198.4 44.1 47.6 41.3 65.0 67.0 27.6 119.0 57.6 78.8 75.3
1995 13.2 69.3 360.1 39.4 42.7 23.3 25.8 24.4 29.9 371.5 40.3 251.2 107.6
1996 56.1 68.8 32.9 24.8 18.9 31.6 37.9 15.7 14.5 31.6 70 .6 27.2 35.9
Monthly
86.5 117.2 212.4 55.2 35.8 28.1 82.7 45.0 80.0 102.8 147.4 114.9Mean
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TURBIDITY (NTU DATA PROVIDED BY UMGENI WATER
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual Mean
1989 116.0 266.0 108.3 110.3 88.8 245.2 41.3 72.8 52.7 36.5 54.7 2.7 99.6
1990 65.7 503.6 241.2 89.3 40.3 41.0 26.9 72.2 · 29,6 21.8 470 .6 60.9 138.6
1991 297.6 90.1 1227.5 41.7 42.1 25.6 20.9 14.8 25.9 51.2 254.7 102.8 182.9
1992 147.8 69.2 47.7 62.2 20.6 31.5 31.3 38.7 34.4 51.1 476.8 76.0 90.6
1993 67.7 106.9 86.9 132.8 43.3 39.8 256.4 104.9 305.0 191.7 65.4 307 .7 142.4
1994 117.0 54.0 356 .1 101.9 79.2 128.5 131.4 113.2 74.1 116.2 60.8 90.5 118.6
1995 31.1 67.1 499.8 51.3 67.2 40.7 40.3 35.2 33.4 764.5 66.3 290.5 165.6
1996 75.4 94.9 49.9 37.9 53.1 28.9 62.4 22.2 40.0 38.6 49.1 54.7 50.6
Monthly
104.0 136.6 250.4 72.7 50.3 62.0 66.3 51.2 71.9 131.2 164.4 124.5Mean
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APPENDIX 2
RAINFALL (mm) DATA PROVIDED BY THE SOUTH AFRICAN SUGAR ASSOCIATION FROM THE TONGAAT WEATHER STATION
Jan Feb Mar Apr May Jun Jul Aug Sept Oet Nov Dee
Annual
Mean
1989 42.2 352.6 12.1 86.9 19.3 4 36 15.1 53.6 81.2 344.7 98.5 95.5
1990 71.4 94.3 252.7 73 17.5 15.2 0 119.2 18.5 150.9 64.59 169.6 87.2
1991 109.6 185.1 176.2 7.7 66.5 22.7 25.5 30.9 74.6 108.7 117.4 38.2 80.3
1992 84.5 18.6 32.1 42.5 0 3.8 13.5 15.1 41.1 84.8 83.5 48.9 39.0
1993 116.6 68.6 64 56.4 31.5 0 15.5 23 93.7 146 95.9 175.3 73.9
1994 111.8 16.8 134 15.2 8.8 17 44 44.2 9.5 177.3 30.5 42.9 54.3
1995 50.9 16.3 196.1 197.4 72.6 63.7 13 12.4 4.5 135.6 100.5 273.4 94.7
1996 275.8 189.1 97.9 56.1 19 6.5 197.2 13.2 17.9 85.3 63.5 59 90.0
Monthly





Ho = significant changes occurred between the map and ground truthing points
K = (observed - expec ted)/( I-expected)
Observed = ((4+ 16+12)/40) = 0.8
Expected = ((4/40)+(2 1/40)+( 15/40)+(5/40)+(19/40)+(16/40)) = 0.4
K = (0.8 - 0.4)/( I - 0.4)
K =0.7,df=3
Ho = reject
b) Chi-sq uared Statistics
Ho = no significant land use change between epochs
X
2
= (observed - expcctedjvexpected
Observed = 1989 = (6 + 5 + 56 + 29 + 4)
Expected = 1978 = (10 + 5 + 57 + 24 + 4)
x2= (6- 10)2/ 10 + (5-5) 2/5 + (56-57) 2/57 + (29-24) 2/24 = (4-4) 2/4
X2 = 2.7, df = 4
Ho = accept
Observed = 1996 = (7 + 5 + 37 + 48 + 3)
Expected = 1989 = (6 + 5 + 56 + 29 + 4)
x2 = (7-6) 2/6 + (5-5) 2/5 + (37-56) 2/56 + (48-29) 2/29 + (3-4) 2/4






Ecotopes Texture Organic CEC pH EC ESP K
Carbon (%) (MeQ/IOOg) (mS/m) (MeQ/IOOg)
Bruyn ' s Hill Loamy sand < 0.5 0.6 5 9.8 8.8 0.3
(Ye2 1)
Ozwatin i Sandy clay 3 0.7 4.2 14.9 43.9 0.3
(Yb 13)
Kwanyuswa Sandy clay 4 1.0 4.3 9.8 38.7 0.3
(Xb I0)
EMakuluzeni Sand <0.5 0.7 4.6 11.3 13.5 0.4
(Wa6)
Ndwedwe Clay 2.5 3.0 4.5 3 1.2 36.2 0.4
(Zb3)
Nort h Coast Sandy clay loam 1.8 0.8 4.1 11.1 15.6 0.5
(Ya I4)
Inanda Sand <0.5 0.4 4.4 6.5 5.2 0.6
(Yb14
